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SPECIFICATION TABLE OF CONTENTS

DIVISION 18 - WELDING

18100  General Welding Requirements

PROCESS EQUIPMENT DATA SHEETS

Process Flow

Diagram Tag Number Equipment Name
A-102...i Air Stripper

B-101A&B ... Vacuum Blower

C-102A&B .......ccovcveevree, lon Exchange Vessels
C-103A&B ... Liquid Carbon Adsorbers
C-106A&B ......ccoveeeeiren Polishing VVapor Carbon Adsorbers
C-107A&B ..., Polishing Vapor Zeolite System
C-108A&B ......ccccveveevvee, lon Exchange Vessels
RS Vapor Cooler

E-102 ..o Vapor Chiller

E-104 ... Air Stripper Effluent Cooler
F-101A&B.....cccoiiieiee, Air Stripper Effluent Filters
F-102A&B......ccoccoveveiieiieins Air Stripper Influent Filter Assembly
P-101 .o Liquid/Vapor Separator Pump
P-103 ..o Air Stripper Effluent Pump
P-104 ..o Water Injection Pump

P-106 ..o Air Stripper Feed Pump

P-108 ...ooiiiieiee Liquid TCE Pump

T-101 i Liquid/Vapor Separator 1
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Y-902....iiiiie e Glycol Chiller

Z-901 ..o Utility Air Compressor

Z-902 ..ot Air Dryer

Z-910 ... Back-up Diesel Generator Set
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1.01

1.02

SECTION 01050

FIELD ENGINEERING
PART 1 GENERAL
SECTION INCLUDES
Field engineering for surveying, as-builts, and quantity calculations during on-site work.
DEFINITIONS
Surveyor: Licensed as a surveyor in the Commonwealth of Kentucky.

Engineer: Minimum of a Bachelor of Science Degree in Civil Engineering and licensed in the
Commonwealth of Kentucky.

REFERENCES

Horizontal Control as Applied to Local Surveying Needs, American Congress on Surveying and
Mapping.

Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Committee,
1984.

1.04 QUALITY CONTROL

A

1.05

Maintain complete, accurate log of survey work and redlined, as-built drawings during the progression
of work. Changes from the design documents, which are made in the work or additional information
that might be uncovered in the course of construction, shall be accurately and neatly recorded as they
occur by means of details and notes.

Provide horizontal control for Class 3 surveys and vertical control for third-order level closures.
Provide horizontal control in accordance with “Horizontal Control as Applied to Local Surveying
Needs, American Congress on Surveying and Mapping S200,” and vertical control in accordance with
“Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Committee,
1984.”

Provide as-built data to the nearest 0.01 ft horizontally and vertically.

Legibly record survey field notes on standardized (4-in. x 7 %-in.) permanent-bound, hard back, transit
field books. Include title of project, name of the survey company, initials of survey party, and date of
survey.

Either a Surveyor or Engineer shall perform layout survey and as-built documentation. Submittals shall
be sealed and signed by the Surveyor or Engineer.

SUBMITTALS

Submit the following for information:

01050-1
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1.

Copy of reduced field notes, calculated coordinates, elevations, and quantity calculations. Provide

certification of survey accuracy by the surveyor and quantity calculations by the surveyor or engineer.
Identify nonconformances upon discovery.

PART 2 PRODUCTS

Not used.

PART 3 EXECUTION

3.01

A.

3.02

INSPECTION

Verify locations of survey control points before starting work. Promptly notify the Field Engineer of
discrepancies.

INSTALLATION/APPLICATION/ERECTION
Control Points
1. Survey control points shall be as identified by the Field Engineer.

2. Protect and preserve survey control points. Do not make changes to control points unless
directed in writing by the Field Engineer.

3. Survey control points damaged or destroyed shall be replaced.

4. Establish and maintain a minimum of two permanent benchmarks on the site referenced to data
established by control points.

5. Record benchmark locations, with horizontal and vertical data, on project record drawings.
Layout Survey
1. Establish lines and levels, locate and layout by instrumentation and similar appropriate means:
a. Site improvements (including pavements).
b. Grid or axis for structures.
2.  Periodically verify layouts.
As-Built Data

1. Provide as-built redlined drawings located by survey and documented in field books for the
following:

a. Contract changes in layout and location of work.
b. Existing underground utilities that are not shown on the design documents or that are missing

coordinates and elevations or deviate from design location.
END OF SECTION

01050-2
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SECTION 02200

EARTHWORK

PART 1 GENERAL

1.01 SECTION INCLUDES

A. Removal and stockpiling of topsoil, excavation, and compaction of fill and backfill to grade as
shown on drawings.

1.02 DEFINITION OF TERMS

A. Earth Excavation: Removal of material to lines, elevations, and dimensions shown on drawings
and disposition of materials encountered in grading and excavation work.

B. Unauthorized Excavation: Excavation not required by specifications or drawings or not
authorized in writing by the Project Manager or designee.

C. Fill: Earth or other material, as specified, used to bring an existing grade to a specified grade.

D. Backfill: Earth, crushed stone or other materials as specified used to replace material excavated
during construction.

E. Subgrade: Compacted fill or backfill of embankments or undisturbed soil of cut sections, which
supports base course and wearing surface.

F. Undercutting: Removal of soft or undesirable materials determined by Project Manager or
designee encountered in undisturbed subgrade below grades specified for excavation.

G. Spot Subgrade Reinforcement: Placing accepted geosynthetic materials and fill or backfill in
areas where authorized undercutting has been performed.

H. Shoring: A structure such as a metal, hydraulic, mechanical, or timber shoring system that
supports sides of an excavation and which is designed to prevent cave-ins.

l. Topsoil: The term topsoil used herein shall mean that portion of the soil profile defined
technically as the “A” horizon by the Soil Science Society of America. The texture shall be a
sandy loam, clay loam, loam, silty clay loam, or silt loam as defined by the U.S. Department of
Agriculture Soil Conservation Service Guide for Technical classification. The topsoil shall be
capable of producing heavy growths of vegetation; free from subsoil, noxious weeds, stones
larger than 1 inch in diameter, lime, cement, ashes, slag or other deleterious matter; well drained
in its original position; free from toxic quantities of acid or alkaline elements; and free of roots
and other large organic matter.

1.03 REFERENCES

A. ASTM D422 (latest version), Test Method for Particle-Size Analysis of Soils.

02200-1
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1.04

A

1.05

A

ASTM C136 (latest version), Standard Test Method for Sieve Analysis of Fine and Coarse
Aggregates.

ASTM D689 (latest version), Test Method for Laboratory Compaction Characteristics of Soil
Using Standard Effort. (12,400 ft-Ib/ft (600 kN-m/m))

ASTM D1241 (latest version), Standard Specification for Materials for Soil-Aggregate Sub-base,
Base, and Surface Courses.

ASTM D1557 (latest version), Test Method for Laboratory Compaction Characteristics of Soil
Using Modified Effort. (56,000 ft-Ib/ft (2700 kN-m/m))

ASTM D2216 (latest version), Standard Test Method for Laboratory Determination of Water
(moisture) Content of Soil and Rock.

ASTM D2487 (latest version), Standard Classification of Soils for Engineering Purposes (Unified
Soil Classification System).

ASTM D2922 (latest version), Standard Test Methods for Density of Soil and Soil-Aggregate in
Place by Nuclear Methods (Shallow Depth).

ASTM D3017 (latest version), Standard Test Method for Water Content of Soil and Rock
In-Place by Nuclear Methods (Shallow Depth).

ASTM DA4318 (latest version), Test Method for Liquid Limit, Plastic Limit, and Plasticity Index
of Soils.

OSHA Code of Federal Regulations 29 CFR 1926, Subpart P - Excavations, latest edition.
SUBMITTALS (Refer to Exhibit | for Requirements)

Not Used.

RELATED SECTIONS

Not Used.

PART 2 PRODUCTS

2.01

A

MATERIALS
Select Fill and Backfill Materials

1. Coarse Stone: Angular, crushed, free of shale, clay, friable materials, and debris; graded in
accordance with ASTM C136 within the following limits: size No. 57 stone.

2. Sand: Natural River, bank, or manufactured sand; washed, free of silt, clay, loam, friable, or
soluble materials, and organic matter; graded in accordance with ASTM D1241, Fine
Aqggregate.

02200-2
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2.02

3. Spot Subgrade Repair Materials: Number Two Road Base (RB2) or other material acceptable
to the Project Manager or designee.

Common Fill and Backfill Materials

1. Subsoil: Reused; free of gravel larger than 3 in. size; free of material with an expansion
index less than 20; no debris, roots, or vegetation. Satisfactory borrow to consist of any
material classified by ASTM D2487 as GW, GP, GM, GC, SW, or SP.

2. Top Soil: Existing topsoil removed during construction will be considered adequate, if a
natural, friable soil representative of productive soils and is free of subsoil, clay or impurities,
plants, weeds, and roots.

EQUIPMENT

Maintain compaction equipment in satisfactory operating condition. Use compaction equipment
capable of achieving the degree of compaction specified.

Power tampers for use in restricted areas shall be of a type and size suitable to perform required
compaction.

PART 3 EXECUTION

3.01

A.

3.02

PREPARATION

Verify that subgrade is not soft, spongy, or composed of otherwise unstable materials. If unstable
materials are encountered, stop work and notify the Project Manager or designee.

Verify that stockpiled soil and topsoil to be reused are acceptable.

INSTALLATION/APPLICATION/ERECTION

Stripping and Stockpiling Topsoil

1. Erosion control measures: Install prior to stripping.

2. Stripping: Strip all vegetative matter, topsoil, sod, and rubbish from within portions of the
job site to be excavated. Clean Topsoil shall be segregated and stockpiled in the Excavated
Material Storage Area.

3. Stockpiling: It is the Subcontractor's responsibility to locate and construct the stockpiles of
soil so as not to disturb the drainage in the area. As a minimum, all stockpiled soil from on
site locations, shall be covered with a single layer of 6-mil polyethylene sheeting anchored to
prevent lifting from wind. Silt fence shall be installed around the stockpiles per Section
02270, Erosion Control.

Excavation

1. Prior to the start of work, obtain a Trenching, Excavation, and Penetration Permit.

02200-3
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2.

5.

Carry excavation through whatever materials are encountered to depths shown on the design
drawings. Remove all existing fill and other unsatisfactory materials within limits of
excavation as indicated on drawings.

Dispose of excavated materials in accordance with the approved Project Waste Management
Plan.

Backfill unauthorized excavation with clean compacted earth, sand, clay or crushed stone in
accordance with the requirements of Section D, as directed by the Project Manager or
designee.

The materials shall not obstruct proper drainage of the area.

Structural Excavation

1.

Excavate subsoil required for building foundations, construction operations, and other work.
Excavation to be in accordance with OSHA Safety Regulation 29 CFR 1926
Subpart P - Excavations, latest edition. Maintain a minimum of 2-ft working space around
structure.

Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required
to prevent cave-in or loose soil from falling into excavation. Protection to be in accordance
with OSHA Safety Regulation 29 CFR 1926 Subpart P - Excavations, latest edition.

Backfill and Compaction

1.

2.

All areas receiving fill shall be cleared, scarified to a depth of 6 in. and compacted.

When existing ground surface has a density less than the density specified under compaction,
break up the ground surface, pulverize, adjust moisture content to specified limits, and
compact to specified density.

Spread soil material in lifts that shall not exceed 6 in. after compaction.

Compact layers by use of a sheepsfoot roller or other methods approved by the Project
Manager or designee.

Compact locations not accessible to mechanical equipment by machine or hand-maneuvered
power tamping.

Project Manager or designee shall accept the compaction effort. No testing is required.

Compact all fill not accessible to self-propelled or towed compactors by hand-operated power
tampers or other accepted means to the specified density.

Do not place fill material when weather conditions, condition of the subgrade, or condition of
the fill material precludes obtaining the specified compaction.

Prior to finish grading of the area, complete all backfilling. Correct any washouts or other
similar irregularities.
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3.03

3.4

10.

11.

12.

13.

Grade all exposed earth surfaces to smooth contours and in such a manner to promote
positive drainage. The finish for grading shall be that degree ordinarily obtainable for either
blade-grade or scraper operations or that obtainable by hand shovel operations.

Scarify subsoil of area to receive topsoil to a depth of 3 in.

Spread a uniform layer of topsoil 4 in. thick. Topsoil material to be from stockpiled material
or accepted borrow. Bond to subsoil by rolling with a light roller or by tamping. Hand rake
surface.

Topsoil shall be placed to lines and grades shown on drawings and a 2 in. layer of straw shall
be placed on the topsoil if seeding operations will not begin within 2 days following topsoil
placement. Seeding season and seeding requirements to conform to Section 02936, Seeding.

General

1.

Maintain excavations free from water, and dispose of excess water by methods in accordance
with approved project work plans.

Maintain newly graded areas until final acceptance by Project Manager or designee. Restore
areas showing settlement or washes to specified grades prior to final acceptance.

Provide temporary shoring and bracing as necessary to safely support excavation. Remove
shoring and bracing from excavation as backfilling progresses. Shoring, in accordance with
OSHA 29 CFR 1926, Subpart P - Excavations, latest revision, Safety Regulations.

Provide erosion and sediment control to minimize erosion and transport of sediment beyond
limits of the work area. Methods of control shall conform to Section 02270, Erosion Control.

Bind thin layers of added materials to material in place by scarifying and recompacting.

FIELD QUALITY CONTROL

No testing is required.

Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall
not be more than 0.20 ft above or below specified grades.

PROTECTION

Protect existing utility lines and structures in work area and existing roadway structures, seeded
areas, and other features adjacent to work area during construction activities. Provide adequate
shoring and bracing, as required, to protect and maintain the stability of previously constructed
structures and facilities.

Obtain an excavation/penetration permit prior to the start of excavation work.

END OF SECTION
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SECTION 02225

TRENCHING

PART 1 - GENERAL

1.01

A

1.02

SECTION INCLUDES

Excavation of trenches for utilities, compaction of bedding and fill over utilities to subgrade elevation,
and compaction and backfill requirements.

REFERENCES

ASTM D1241 (latest version), Standard Specification for Materials for Aggregate and Soil-Aggregate
Subbase, Base and Surface Courses.

OSHA Code of Federal Regulations 29 CFR 1926 Subpart P, Excavation, latest revision.

Kentucky 2000 (or latest version) Transportation Cabinet/Department of Highways (KDH), Standard
Specifications for Road and Bridge Construction.

PART 2 - PRODUCTS

2.01

MATERIALS

Backfill: Earth for backfill shall be obtained from an offsite source. Materials for earth backfill shall be
dry earth, free from clods of earth, boulders, broken rock or concrete exceeding 3 inches in the larger
dimension, organic and vegetable matter, rubbish, and other unsuitable material.

Sand: natural sand or crushed stone passing a No. 10 sieve and conforming to gradation requirements
of ASTM D-1241.

Backfill Materials Under Roads and Structures: Mineral aggregate base to limit settlement. Dense
Grade Aggregate base shall conform to Sect. 02505, Dense Grade Aggregate Base.

Bedding materials for sanitary water piping shall be sand in accordance with KDH, Section 804.

Top Soil: in accordance with Sect. 02200, Earthwork.

PART 3 - EXECUTION

3.01

PREPARATION
Verify fill materials are acceptable. Do not use frozen material.

Verify areas to be backfilled are free of debris, snow, ice, or water and that the surfaces are not frozen.

Identify required lines, levels, contours, and datum.
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3.02

INSTALLATION/APPLICATION/ERECTION

Excavation

1.

Excavate trenches to a width necessary for proper installation of pipe or other utility to be
accommodated. Excavation to be in accordance with OSHA Safety Regulation,
29 CFR 1926.650 and 1926.651. Clearance between pipe and trench walls, except where
otherwise specified or indicated on the drawings, shall be 6 in. for trenches less than 2 ft deep
and 12 in. for trenches more than 2 ft deep. Obtain an excavation permit prior to starting
excavation activities.

Remove excavated materials from the work area to an approved spoils area.

Grade excavation top perimeter to prevent surface water runoff into excavation. Keep trench
bottom free of standing water.

Grade bottom of trench to provide uniform bearing and support for utility either on undisturbed
soil or properly compacted backfill throughout the length of the utility except where necessary to
hand excavate for bell or coupling for proper sealing of pipe joints.

Hand excavate for bell and spigot after trench has been fine graded to ensure uniform bearing is
provided for pipe.

Remove soft, spongy, or otherwise unstable materials encountered at elevation of pipe, which
will not provide a firm foundation for the pipe.

Bedding/Backfill

1. Promptly backfill utility trenches and around utility structures after utilities have been accepted
by Field Engineer.

2. Deposit bedding material in 6-in. layers, and carefully ram or tamp until utility has a cover of not
less than 1 ft. The remainder of the backfill shall be placed in horizontal layers 12 in. in depth
and compacted by mounted equipment or hand-maneuvered power compaction tools. Bedding
material shall be in accordance with KDH 701.02.04.

3. Remove temporary blocking or cribbing material used to support utility before backfilling.

General

1.  Notify the Project Manager or designee of unexpected subsurface conditions, and discontinue
work in affected area until notification to resume work.

2. Do not excavate in the vicinity of buildings and structures below the existing foundation until
underpinning and shoring have been installed. Protect or replace existing structures, piping, or
foundations.

3. In areas where paving, top soiling, or sodding is to be done, stop fill or backfill the required
distance below finish grade to permit installation of these items.

4.  Support pipe during placement and compaction of bedding fill.
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3.03

3.04

5. Mineral aggregate base shall begin 2.5 ft from facility or road cut and end 2.5 ft from facility or
road cut and shall be compacted in 6-in.-deep horizontal layers using hand-maneuvered power
compacting tools.

FIELD QUALITY CONTROL

Testing

1. Notesting is required. Field Engineer will inspect compaction effort.

Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall not be

more than 0.20 ft above or below specified grades. Bind thin layers of added materials to material in

place by scarifying and recompacting.

PROTECTION

Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required to

prevent cave-in of loose soil from falling into excavation. Protection shall be in accordance with

OSHA 29 CFR 1926 Subpart P, Excavations, latest revision.

1. Trenches more than 5 ft in depth shall be shored or laid back to a stable slope or provided with
some other equivalent means of protection.

2. Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices A and B, as a guide to
minimum requirements for slopes that are laid back.

3. Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices C through E, as a guide to
minimum requirements for shoring or bracing.

4.  Trenches less than 4 ft in depth shall also be effectively protected when examination of ground
indicates hazardous ground movement may be expected.

5. Trenches 4 ft deep or more shall have a means of exit requiring no more than 25 ft of lateral
travel.

END OF SECTION
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SECTION 02270

EROSION CONTROL

PART 1 GENERAL

1.01

A

1.02

1.03

1.04

1.05

SECTION INCLUDES

Temporary control measures for slope protection and controls to reduce erosion, sedimentation,
and water pollution through the use of erosion control devices.

REFERENCES

ASTM D4355-92, Standard Test Method for Deterioration of Geotextiles from Exposure to
Ultraviolet Light and Water (Xenon-Arc Type Apparatus).

ASTM D4491-92, Standard Test Methods for Water Permeability of Geotextiles by Permittivity.
ASTM D4632-91, Standard Test Method for Grab Breaking Load and Elongation of Geotextiles.
ASTM D4751-93, Standard Test Method for Determining Opening Size of a Geotextile.
SUBMITTALS

Submit for acceptance the manufacturer’s data for silt fence.

PROJECT/SITE CONDITIONS

Coordinate temporary pollution control provisions with permanent erosion control features to
assure economical, effective, and continuous erosion control throughout construction and post
construction periods.

RELATED SECTIONS

Section 02225, Trenching

PART 2 PRODUCTS

2.01

MATERIALS
Silt Fences

Geotextile Filter Fabric: A non-woven fabric consisting of pervious sheets of propylene, nylon,
polyester, or ethylene yarn. Certify material by manufacturer to meet the following requirements.
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G-17



Physical Requirements for Fabric Silt Fence

Property Test Method Requirement
Minimum Tensile Strength ASTM D4632 90 Ib
Maximum Elongation at 45 Ib ASTM D4632 50% max
Apparent Opening Size ASTM D4751 AOS <0.84 mm
Minimum Permittivity ASTM D4491 1 X 10° SEC™
Ultraviolet Exposure Strength Retention ASTM D4355 70% @ 500 h
2. Posts: Wood and a minimum 5 ft long. Wood posts shall be at least 4 in. diameter or nominal
2X2in.
3. Preassembled silt fencing may be substituted if it meets the above requirements.
B. Mulching Material
1. Oat, wheat, barley, or rye straw, or excelsior wood fibers, free from weeds, foreign matter
detrimental to plant life, and dry. Hay or chopped cornstalks are not acceptable. Straw shall be
suitable for spreading with standard mulch blower equipment.
C. Straw Bale Barriers
1. Baled hay or straw containing 5 ft® or more of material. Securely bind bales with wire or nylon.

PART 3 EXECUTION

3.01

3.02

PREPARATION

Site Preparation: Prepare site in accordance with good engineering practices for installation of
surface erosion control features. Compact surface and remove and replace pockets of soft soil
with compacted earth material to provide a consistently uniform and stable surface.

INSTALLATION/APPLICATION/ERECTION

General

Control surface water runoff on-site and provide temporary soil stabilization measures as required
to prevent removal of soil by action of either water or wind, more commonly known as erosion.
Protect land areas adjacent to work site from sedimentation by installation of erosion and sediment
control measures. Provide, as a first step in construction operation, sediment basins and traps,
perimeter barriers, and other measures intended to deter erosion and transport of sediment
associated with construction activities before upslope land disturbance takes place.

Seed and mulch within 15 days of installation of earthen structures, such as dams, berms, and
diversions.
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3.03

Silt Fences

Install silt fence to reduce the quantity of sediment and reduce sheet flows and low-to-moderate
level channel velocities to downstream areas.

Silt fences shall be anchored in a trench not less that 6-in. in depth. Refer to attachment “A”.
Straw Bale Barriers

Obtain an excavation permit and confirm that no underground utilities will be encountered before
driving stakes. Install straw or hay bale barriers in accordance with Attachment A and B of this
specification. These entrenched and anchored bales are placed in a row to reduce the quantity of
sediment and flow velocities to downstream areas.

String-tie bales. Install bales so that bindings are oriented around the sides rather than along tops
and bottoms of bales in order to prevent deterioration of bindings. Excavate a trench the width of
bale and a length of proposed barrier to a minimum depth of 4 in. Place bales in the trench and fill
the gaps with loose straw to prevent water from escaping between the bales. Anchor bales with at
least two wooden stakes driven through bales to a depth of 1.5 to 2 ft in ground. Drive first stake
in each bale toward previously laid bale to force the bales together. After bales are staked and
chinked, backfill excavated soil against barrier. Backfill soil shall conform to ground level on
downhill side and shall be built up to 4 in. against uphill side of the barrier.

a.  Channel Flow: Place bales at locations indicated, in a single row, lengthwise, oriented
parallel to contour, with ends of adjacent bales tightly abutting one another. Extend barrier
to such a length that bottoms of end bales are higher in elevation than top of lowest middle
bale to assure that sediment-laden runoff will flow either through or over barrier, but not
around it.

b.  Sheet Flow: Place bales at locations indicated, in a single row, lengthwise on the contour,
with ends of adjacent bales tightly abutting one another.

MAINTENANCE
Silt Fences

All erosion and sediment control measures will be checked and repaired as necessary weekly
during dry periods and within 24 h after 0.5 in. or more of rainfall. During prolonged rainfall,
checks and repairs will be made within a 24-h period on all control devices. Should fabric
decompose or become ineffective and still be necessary, replace fabric promptly. Asaminimum,
remove sediment when deposits reach approximately one-third the height of barrier.

Straw Bale Barriers

All erosion and sediment control measures will be checked and repaired as necessary weekly
during dry periods and within 24 h after 0.5 in. or more of rainfall. During prolonged rainfall,
checks and repairs will be made within a 24-h period on all control devices. Repair damaged
bales, end runs, and undercutting beneath bales. Accomplish necessary repairs to barriers or
replacement of bales promptly. Remove sediment when level of deposition reaches approximately
one-third the height of lowest point of barrier.

END OF SECTION
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ATTACHMENT A

ENGINEERING STANDARD MM ES -7, 16— |
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ODAK RIDGE, TENNESSEE - PADUCAH, KENTUCKY
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ATTACHMENT B

NUMBER

ENGINEERING STANDARD ES-7.16-2

DATE
DAK RIDGE, TENMESSEE - PADUCAH, KENTUCKY 10-3-88

REVISED

STRAW BALE BARRIERS PAGE ¢ |

BACKFILL AND COMPACT
THE EXCAVATED SOIL

4" VERTICAL
FACE

v
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{WIRE OR NYLON PREFERRED)

2-#3 RE=BARS DR 2*X 27 STAKES
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CONSTRUCTION SPECIFICATIONS
| BALES SHALL BE PLACED IN A ROW WITH ENDS TIGHTLY ABUTTING ADJACENT BALES.
2 EACH BALE SHALL BE EMBEDDED IN THE SOIL A MINIMUM OF 4+,

3 BALES SHALL BE SECURELY ANCHORED IN PLACE BY STAKES DR RE-DARS DRIVEN
THROUGH THE BALES, THE FIRST STAKE IN EACH BALE SHALL BE ANGLED TOWARD
PREVIOUSLY LAID BALE TO FORCE BALES TOGETHER,

4 TRENCH ON EACH SIDE OF BALES SHALL BE BACKFILLED AND COMPACTED WITH THE
EXCAVATED SOIL TO PREVENT PIPING:

$ INSPECTION SHALL BE FREQUENT AND REPAIR OR REPLACEMENT SHALL BE
MADE PROMPTLY AS NEEDED .

6 BALES SHALL BE REMOVED WHEN THEY HAVE SERVED THEIR USEFULNESS
S0 AS NOT TO BLOCK OR IMPEDE STORM FLOW OR DRAINAGE .
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SECTION 02505

DENSE GRADE AGGREGATE BASE (DGA)

PART 1 - GENERAL

1.01

A.

1.02

1.03

1.04

DESCRIPTION

This work includes the compaction and installation requirements of dense grade aggregate base
(DGA).

DEFINITIONS
Dense Grade Aggregate Base (DGA): Aggregate base course shall consist of crushed stone and
water and is compacted in layers on a previously prepared subgrade to a finished thickness and in

areas specified on the drawings.

Crushed Stone: An aggregate mixture conforming to Kentucky Department of Highways (KDH),
Standard Specifications for Road and Bridges, Division 300.

RELATED WORK
Section 02200, Earthwork.
REFERENCES

KDH "Standard Specifications for Road and Bridge Construction,” Division 300 and Section 805.

PART 2 - PRODUCTS

2.01

A.

MATERIALS

In accordance with the KDH "Standard Specifications for Road and Bridge Construction," Section
805, Material Certifications.

PART 3 - EXECUTION

3.01

A

B.

3.02

A

INSPECTION
Verify the grades and elevations are correct.

Verify the subgrade is not soft, spongy, or composed of otherwise unstable materials. If unstable
materials are encountered, stop work and notify the Project Manager or designee.

INSTALLATION

The method of construction and workmanship shall be in accordance with the KDH "Standard
Specifications for Road and Bridge Construction,” Division 300.
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3.03

Prepare the subgrade according to Section 02200, Earthwork.

Place and compact aggregate in 4" loose lifts maximum. The compaction effort shall be a minimum
four passes with mechanical compaction equipment accepted by the Project Manager or designee.
Additional compaction effort may be required at the discretion of the Project Manager or designee.
FIELD QUALITY CONTROL

Compact each layer to an average dry density of not less than 100% of the theoretical density based
upon 83% of the solid volume. No individual test shall be less than 97% of the theoretical density.
The density determination will be based on the bulk specific gravity in accordance with KDH
Specifications approved by the Contractor. Maximum density determination and in-place density
tests shall be performed by the Subcontractor. Perform one test for each layer placed.

The surface of the (DGA) layer shall be ¥ inch of the required elevation.

END OF SECTION
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SECTION 02510

ASPHALT PAVING

PART 1 - GENERAL

1.01

A.

1.02

1.03

1.04

DESCRIPTION
Construction of hot mixed, hot-laid asphalt pavement on prepared base or existing pavement course.
REFERENCES

Kentucky 2000 Transportation Cabinet/Department of Highways (KDH), Standard Specifications
for Road and Bridge Construction.

SUBMITTALS
None Required.
DELIVERY, STORAGE, AND HANDLING

Trucks shall have tight, clean, smooth metal beds, which have been coated to prevent the mixture
from adhering to the beds. Cover trucks to protect mixture from weather.

Deliver mixture to site at the specified temperature.

PART 2 - PRODUCTS

2.01

MATERIALS

Bituminous Concrete Base, Surface, and Binder: KDH Section 403 — Production and Placement of
Asphalt Mixtures.

Prime and Tack Coat: KDH Section 406 — Asphalt Curing Seal and Asphalt Prime and Tack Coats.
Traffic Marking Paint: KDH Section 713 — Permanent Pavement Striping.

EQUIPMENT

Mixing Plant: KDH Section 401 — Asphalt Plant Requirements.

Pavers and Rollers: KDH Section 403 — Production and Placement of Asphalt Mixtures.
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PART 3 - EXECUTION

3.01

A

B.

3.02

PREPARATION

Verify that the subgrade is in accordance with Section 02505, Dense Graded Aggregate Base
(E?S:)tagtljequate barricades, signs, flagmen, warning lights, and other devices to protect others from
ongoing work, paving equipment, and stored materials.
INSTALLATION/APPLICATION/ERECTION

Prime Coat

1. Apply prime coat to Dense Grade Aggregate Base at a rate of 0.50 gal/yd>.

2. Apply by means of a pressure distributor at a uniform, continuous spread to the whole width
of the area to be primed.

3. Application temperature shall be between 60-120 °F for Primer L.
4. Correct any areas containing an excess or deficiency of material.
Tack Coat

1. Use tack coat on existing bituminous or where traffic or other conditions have injured
bonded qualities of base course.

2. Apply means of pressure distributor at a rate not to exceed 0.05 gal/ yd*.
3. Application temperature shall be within the ranges set below:
Asphalt Temperature range (°F)
SS-1, SS-1h, CSS-1, CSS-1h 70 - 160 °F
RS-1, RS-2 70 — 140 °F
CRS-1 120 - 185 °F
4. Allow tacked surfaces to dry until it is in a proper condition to receive the next course.
5. Apply tack coat only so far in advance of the paving operations as is necessary to obtain the

proper condition of tackiness.
6. Protect tack coat from damage until the next course is placed.

Bituminous Plant Mix Base (Hot Mix)

1. Install Bituminous Hot-Mix Base 3 inches thick after compaction on prepared base.

2. Subbase and surface shall be free of excess moisture and cleaned of loose particles.

3. Air temperature or surface temperature, whichever is less, shall be equal to or greater than 35
02510-2
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°F for compacted asphaltic concrete base and binder.

4. Compact base to an average of 90% of the maximum theoretical density.

3.03 PROTECTION

A. Protect existing surfaces of roads and seeded areas adjacent to the job site and repair damaged
areas.

END OF SECTION
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SECTION 02936

SEEDING

PART 1 - GENERAL

1.01

A

1.02

1.03

1.04

1.05

SECTION INCLUDES

Seeding, mulching, fertilizing, and liming.
SUBMITTALS

None required.

QUALITY ASSURANCE

Provide seed mixture in containers showing percentage of seed mix, year of production, net
weight, date of packaging, and location of packaging.

REFERENCES

Kentucky Transportation Cabinet/Department of Highways (KDH), Standard Specifications
for Road and Bridge Construction, 2000 edition (or latest version).

1. Permanent Seeding and Protection: KDH Specification Section 212.03.03.

2. Seed: KDH Specification Section 827.04.

3. Fertilizer: KDH Specification Section 827.03.

DELIVERY, STORAGE, AND HANDLING

Deliver grass seed mixture in sealed containers. Seed in damaged packaging is not acceptable.

Deliver fertilizer in waterproof bags showing weight, chemical analysis, and name of
manufacturer.

PART 2 - PRODUCTS

2.01

MATERIALS
Seed Mixture in accordance with requirements of KDH Specification Section 212.03.03.

1. All seed shall meet the applicable minimum purity and actual germination specified in
KDH Specification Section 827.04.

2. No seed shall contain more than 1.0- percent weed seed by weight. No seed shall contain
more than 18 noxious weed seeds or bulblets per ounce.
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3. Seed mixtures shall be special mixture as follows:

a. Mixture No. 1: 65% Kentucky 31 Fescue
10% Creeping Red Fescue
10% Red Top
5% White Dutch Clover
10% Ryegrass, perennial

b. Mixture No. 2. 50% Kentucky Bluegrass
25% Creeping Red Fescue
10% Red Top
5% White Dutch Clover
10% Ryegrass, perennial

c. Mixture No. 3. 45% Korean Lespedeza
41% Ryegrass, Annual
14% Switch Grass
d. Mixture No. 4. 42% Korean Lespedeza
38.5% Ryegrass, annual
6.5% Big Bluestem
6.5% L.ittle Bluestem
6.5% Indian Grass
B. Topsoil
1. Topsoil: Inaccordance with Sect. 02200, Earthwork.
C. Accessories
1. Mulch: Shall conform to KDH Specification Section 827.05.
2. Fertilizer:
a. Inside security fence: Standard commercial fertilizer conforming to requirements of
KDH Specification, Subsection 827.03 with guarantee of analysis conforming to a
10-10-10 formula. Fertilizer shall be uniform in composition, free flowing, and

suitable for application with approved equipment.

b. Outside security fence: Perform soil test to determine the fertilizer proportions and
rates of application.

3. Agricultural Limestone: Agricultural Limestone shall contain not less than 85% of
calcium carbonate and magnesium carbonate combined and be crushed so that at least
85% will pass No. 10 mesh sieve and 50% through a 40 mesh sieve.

4. Water: Clean, fresh, and free of substances or matter that could inhibit vigorous growth
of grass.
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PART 3 - EXECUTION

3.01

A.

3.02

PREPARATION

Verify that prepared soil base is ready to receive work of this section and that final dressing is
within reasonably close conformity to lines, grades, and cross-sections.

INSTALLATION/APPLICATION/ERECTION

Fertilizing and Liming

1.

5.

6.

(Inside Security Fence) Apply commercial Grade 10-10-10 fertilizer at a rate of not less
than 20 1b/1000 ft? and agricultural limestone at a rate of not less than 75 1b/1000 ft’.

(Outside Security Fence) Apply fertilizer of the type and grade determined by soil
testing.

Apply after smooth raking of topsoil.
Do not apply fertilizer at same time or with same machine used to apply seed.
Uniformly incorporate into soil for a depth of approximately 1/2 in.

Lightly water to aid the dissipation of fertilizer.

Seeding and Mulching

1.

(Inside Security Fence) Apply Mixture 1 or 2 seed at a rate of 3 Ib pls/1000 ft? evenly in
two, intersecting directions. Rake in lightly. Do not seed area in excess of that which can
be mulched on same day.

(Outside the Security Fence) Apply Mixture 3 within ditch banks at a rate of 29 Ibs
pls/acre. Apply Mixture 4 to all other disturbed areas outside the security fence at a rate
of 31 Ibs pls/acre.

Do not sow immediately following rain, when ground is too dry, or during windy
periods.

Roll seeded area with an approved roller.
Immediately following seeding and rolling, apply erosion control matting or mulch at a
rate of 100 Ib/1000 ft* as directed by the design drawings. Maintain clear of shrubs and

trees.

Apply water with a fine spray immediately after each area has been mulched. Saturate to
2 in. of soil.

Mulch is not required on areas to receive erosion control matting.
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C. Seed Protection

1. Cover seeded slopes where grade is 3:1 or greater or other areas at locations shown on
plans with excelsior matting.

2. Place and secure excelsior matting on previously shaped and seeded channels, slopes, or
other areas and locations shown on plans or as required by the Project Manager or
designee.

D. Maintenance
1. Maintain newly graded and topsoiled and seeded areas until final acceptance. Restore

areas showing settlement of wash to specified grades. Newly seeded areas shall be
watered as necessary or reseeded at the Subcontractor's expense until an acceptable stand
of grass has been achieved. An acceptable stand of grass is defined as follows:

a. No bare spots larger than 3 ft’.

b. No more than 10% of total area with bare spots larger than 1 ft*.

c¢.  No more than 15% of total area with bare spots larger than 6 in.”.

END OF SECTION
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SECTION 03000

CONCRETE

PART 1 - GENERAL

1.01

A.

1.02

E.

SECTION INCLUDES
Requirements for placing reinforced concrete with minimal inspection.
REFERENCES

AASHTO M 154 (latest version), Standard Specification for Air-Entraining Admixtures for
Concrete.

AASHTO M 240 (latest version), Blended Hydraulic Cements.

AASHTO M 302 (latest version), Ground Granulated Blast Furnace Slag for Use in Concrete and
Mortars.

ACI 226.1R (latest version), Ground Granulated Blast Furnace Slag as a Cementitious Constituent
in Concrete.

ACI 226.3R (latest version), Use of Fly Ash in Concrete.

F.ACI 302.1R (latest version), Guide for Concrete Floor and Slab Construction.

G.

H.

ACI 304R (latest version), Guide for Measuring, Mixing, Transporting, and Placing Concrete.
ACI 305R (latest version), Standard Specification for Hot Weather Concreting.

ACI 306.1-90, Standard Specification for Cold Weather Concreting.

ACI 318-95/318R (latest version), Building Code Requirements for Structural Concrete.

ASTM A185-A-90, Standard Specification for Steel Welded Wire Fabric Plain for Concrete
Reinforcement.

ASTM A615/A615MB-95, Standard Specification for Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement.

ASTM C31-91, Standard Practice for Making and Curing Concrete Test Specimens in the Field.
ASTM C33-94, Standard Specification for Concrete Aggregates.

ASTM C39A-93, Standard Test Method for Compressive Strength of Cylindrical Concrete
Specimens.

ASTM C94-94, Standard Specification for Ready-Mixed Concrete.
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Q.
R.

ASTM C143A-90, Standard Test Method for Slump of Hydraulic Cement Concrete.

ASTM C150A-94, Standard Specification for Portland Cement.

S.ASTM C172-90, Standard Practice for Sampling Freshly Mixed Concrete.

T.

u.

AA.

BB.

1.03

A

B.

ASTM C231B-91, Air Content of Freshly Mixed Concrete by the Pressure Method.
ASTM C260-95, Standard Specification for Air-Entraining Admixtures for Concrete.

ASTM C309-95, Standard Specification for Liquid Membrane-Forming Compounds for Curing
Concrete.

ASTM C311B-94, Standard Methods of Sampling and Testing Fly Ash and Natural Pozzolans for
Use as a Mineral Admixture in Portland Cement Concrete.

ASTM C494-92, Standard Specification for Chemical Admixture for Concrete.
ASTM C595-94, Standard Specification for Blended Hydraulic Cements.

ASTM C618-95, Standard Specification for Fly Ash and Raw or Calcined Natural Pozzolan for
Use as a Minimeral Admixture in Portland Cement.

ASTM C989-93, Ground Granulated Blast Furnace Slag for Use in Concrete and Mortars.

Kentucky 2000 (or latest version) Transportation Cabinet/Department of Highways Standard
Specifications for Road and Bridge Construction

SUBMITTALS

Submit for acceptance: Concrete Mix Design (including air content, slump, cylinder break
strengths) and reinforcement drawings.

Submit method for concrete repair for acceptance as required by Part 3.04 of this section.

PART 2 - PRODUCTS

2.01

A.

B.

MATERIALS

Cement: Portland cement per ASTM C150, normal - Type | or II.

Aggregates: ASTM C33.

1. Fine Aggregates: Natural sand or sand prepared from stone.

2. Coarse Aggregates: Crushed, No. 57 washed limestone only.

Water: Clean and free from injurious amounts of oil, alkali, organic matter, or other deleterious

material.
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2.04

Air Entrainment (for all exterior exposed concrete): ASTM C260 or AASHTO M-154. Add
air-entraining admixture to the mixer in the amount necessary to produce the specified air content.

Water-Reducing, Set-Controlling Admixtures: ASTM C494, Type A, water-reducing or Type D,
water-reducing and retarding. Add water-reducing admixtures at the mixer separately from
air-entraining admixtures in accordance with manufacturer's printed instructions.

Concrete Admixtures: Coal fly ash per ACI 226.3R, ASTM C311, and/or ASTM C618. GGBF
slag per AASHTO M 302, ACI 226.1R, and/or ASTM C989.

Curing Compounds: ASTM C3009.
REINFORCEMENT

Reinforcing Steel: ASTM AG615, 60 kpsi yield strength; deformed billet steel bars; plain finish,
free of detrimental rust and oils.

Tie Wire: Minimum 16 gage annealed type.
CONCRETE MIX

Use ready-mix concrete per ASTM C94 containing either coal fly ash per ACI 226.3R and/or
GGBF slag per ACI 226.1R.

Mix and proportion to produce minimum 4000-psi concrete at 28 d with slump of 4 in. + 1 in. and
51/2% + 1 1/2% air entrainment, ASTM C94.

Use accelerating admixture in cold weather only when acceptable to Project Manager or designee.
Use of admixtures shall not relax cold-weather placement requirements. Do not use calcium
chloride.

Use set-retarding admixtures during hot-weather concrete placement.

SEALANT

Polyurethane sealant: FS TT-S-00230C, Type Il, Class A, one component sealant such as
Sonneborne NP1 Gun-Grade sealant or accepted alternate.

Primer: Recommended by sealant manufacturer to suit application.

Cleaner: Non-corrosive type recommended by sealant manufacturer; compatible with adjacent
materials.
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PART 3 - EXECUTION

3.01

A.

3.02

EXAMINATION

Examine the subgrade to verify that rough grading elevations are correct.

CONSTRUCTION

Subgrade Preparation

1. Fill soft spots and hollows with additional fill to meet required elevations.

2. Level and compact subgrade to receive concrete to the minimum required dry density
compaction of 95% modified procter.

3. Maintain bench marks, monuments, and survey control references.

Forming

1. Forms: Use clean forms, free from warp, tight enough to prevent leakage of mortar, and
substantial enough to maintain their shape and position without springing or settlement when
concrete is placed or vibrated.

2. For exposed surfaces, provide a smooth, even finish without fins or board marks.

3. All exposed edges shall have a 3/4-in. chamfer.

4.  Set forms for slabs on ground at exact finished grade. Check for line and grade and correct

immediately before concreting. Provide uniform bearing.

Reinforcement

1.

Reinforcement shall be accurately installed to the dimensions given on the drawings and
shop drawings. It shall be securely tied to prevent displacement during concrete placement.

Placing Concrete

1.

In accordance with ACI 304. Rotate drum a minimum of ten revolutions at mixing speed
immediately prior to discharge.

Place concrete on a moist compacted subgrade or base, free from loose material. Do not
place concrete on a muddy or frozen subgrade.

Spade concrete thoroughly along forms and expansion joints, and work carefully into corners
and around reinforcement. Tamp and screed to a dense mass. Consolidate concrete by
means of a mechanical vibrator.

Time in Transit: Maximum 90 minutes between loading concrete on truck and placing in
final position.
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Retempering: Do not add water after the concrete has been placed on truck unless authorized
by Project Manager or designee.

Weather Conditions: Do not mix or place concrete when the air temperature is below
freezing. If temperature may be expected to fall below 40°F within 24 hours after concrete is
placed, heat water and aggregate to bring the temperature of concrete mix to at least 55°F. In
addition to ACI 302, comply with the following:

a. Cold Weather: ACI 306.

b. Hot Weather: ACI 305.

Protection: Do not remove forms for 24 hours after placing concrete. Protect concrete from
traffic for a period of 7 days after placing.

Finishing Concrete

1.

General: Strike-off, consolidate, and finish concrete with mechanical equipment. No
finishing operations shall be performed in the presence of bleed water.

Hand Finishing: Permitted in narrow widths, areas of irregular dimensions and in event of
breakdown of the mechanical equipment to finish the concrete already deposited on grade.

Final Surface Finish: Broomed or burlap drag finish providing a uniform, skid-resistant
texture for exterior slabs.

Curing Concrete

1.

Option 1: After finishing operations have been completed, coat and seal surface of slab with
a uniform layer of membrane curing compound as recommended by the manufacturer.

a. Respray curing compound on areas where the curing membrane is damaged within
3 days.

b. The curing compound shall not react with the concrete or alter its natural color. Keep
workmen, equipment, and materials off the membrane for 3 days after applying.

Option 2: Continuous curing under wet burlap. Apply wet burlap after finishing operations
are complete and as soon as marring of concrete surface will not occur. Maintain moisture
continuously for a period of 7 days when ambient temperatures are above 40°F. Use burlap
free of substances that may harm concrete or cause discoloration.

Cold Weather Protection: Whenever the air temperature may be expected to reach the
freezing point, spread straw or other blanketing material to sufficient depth to keep concrete
from freezing or provide enclosure and heating device capable of maintaining concrete
temperature to at least 50°F. Maintain such protection for at least 5 days.

Remove and replace any concrete injured by frost action.

Saw cut control joints within 24 hours of placement.
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G. Concrete Headwalls

1.  Construct all precast head walls in accordance with Section 710 of the KDH Standard
Specifications and Standard Drawings.

2. Construct all cast-in-place head wall in accordance with Section 609 of the KDH Standard
Specifications and Standard Drawings.

3.03 INSPECTION

A. If the concrete being placed is suspect, the Project Manager or designee may employ an
independent testing laboratory to test the concrete during placement.

3.04 CONCRETE REPAIRS

A Bring concrete areas determined inadequate, honeycombed, defective, porous, contaminated, or
deteriorated to the attention of the Project Manager or designee.

B. Match color and texture of repairs on exposed surfaces.
3.05 PROTECTION

A. Protect the finished concrete during the remainder of the job. Do not use the structure for
miscellaneous workstations or loading areas without approval from the Project Manager or
designee.

END OF SECTION
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SECTION 13121

METAL BUILDING SYSTEM

PART 1 - GENERAL

1.01

SECTION INCLUDES:

Requirements necessary for the design, fabrication, and furnishing of metal building structures. Includes
framing, flashing, insulation, roofing, siding, painting, anchor bolt design, and drawings as required for a
complete building.

1.02

REFERENCES

The latest revision of the following references shall be used:

A

B.

AISC Code of Standard Practice for Steel Buildings and Bridges.

AISC Allowable Stress Design Specification for Structural Joints Using ASTM A325 or ASTM
A490 Bolts.

AISC Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design with
Commentary.

AISI Publication SG-673, Part |: Specification for the Design of Cold-Formed Steel Structural
Members, August 19, 1986, and Addendum: Cold-Formed Steel Design Manual, December 11,
1989.

Aluminum Association Publication 30-86, Specification for Aluminum Structures.

ASCE 7. Minimum Design Loads for Buildings and Other Structures.

ASTM A36/A36M, Standard Specification for Carbon Structural Steel.

ASTM A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength.

ASTM A325, Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum
Tensile Strength.

ASTM A446, Standard Specification for Steel Sheet, Zinc Coated (Galvanized) by the Hot-Dip
Process, Structural (Physical) Quality.

ASTM A563, Standard Specification for Carbon and Alloy Steel Nuts.

ASTM A572, Standard Specification for High Strength, Low Alloy Columbium - Vanadium
Structural Steel.

ASTM AG607, Standard Specification for Steel, Sheet and Strip, High Strength, Low Alloy,
Columbium or Vanadium, or Both, Hot Rolled and Cold Rolled.
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1.03

ASTM A611, Standard Specification for Steel Sheet, Carbon, Cold-Rolled, Structural Quality.

ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc -
Iron Alloy - Coated (Galvannealed) by the Hot-Dip Process.

ASTM A792/A792M, Standard Specification for Steel Sheet, 55% Aluminum - Zinc Alloy - Coated
by the Hop-Dip Process.

ASTM C236, Standard Test Method for Steady-State Thermal Performance of Building Assemblies
by Means of a Guarded Hot Box.

ASTM F436, Standard Specification for Hardened Steel Washers.
AWS Publications:

1. AWS DL1.1, Structural Welding Code-Steel.

2. AWS D1.3, Structural Welding Code-Sheet Steel.

FS HH-1-558C, Insulation, Blocks, Boards, Blankets, Felts, Sleeving (Pipe and Tube Covering), and
Pipe Fitting Covering Thermal (Mineral Fiber Industrial Type), January 7, 1992.

FS TT-S-00230C, Sealant, February 2, 1970, and Amendment 2, October 9, 1970.

International Conference of Building Officials, UBC.

MBMA Publication: Low Rise Building Systems Manual.

40 CFR 247: Comprehensive Procurement Guideline For Products Containing Recovered Materials.
SMACNA: Architectural Sheet Metal Manual.

UL Building Materials Directory.

2002 Kentucky Building Code.

SUBMITTALS

Submit detailed shop drawings for approval showing the arrangement of all parts and details for shop
fabrication. Prepare shop drawings under direct supervision of a professional engineer licensed in the
state of Kentucky with all drawings, bearing engineer's seal and signature. Show the following as a

minimum.

1. Framing layout, diagonal bracing, door subframes, member sizes, connections and fastener or
bolt sizes, type, material composition, and spacing.

2. Erection drawings for the structure framing.

3. Drawings for anchor bolt details, locations, and column base reactions.
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4. Location and length of siding, roofing, and liner panels including splice details for roofing.
5. Shop drawings of panel erection, fasteners, trim, and flashings.

6. Wall air intake/exhaust framings and flashing.

7. Fascia details.

8. Canopy framing and details.

9. Details of roof curbs, roof jacks, and items penetrating roof.

10. Materials, finishes, and construction/installation details.

11. Other pertinent information required for fabrication, assembly, and erection of watertight metal
building system.

Submit design calculations for approval showing assumptions, loads and pressures, load
combinations and applications, stress analysis and values, identification of allowable stresses and
basis of determination, frame and component deflections, and column base reactions. Prepare by, or
under direct supervision of, a professional engineer registered in the state of Kentucky with
calculations bearing engineer's seal and signature.

Submit for approval standard specifications and installation instructions clearly marked to identify
only applicable sections that pertain to these buildings.

Submit product data for approval showing color of metal siding panels proposed for use.

Submit letter of certification for approval, attesting to the following:

1.  The building is the design of a manufacturer engaged in the fabrication of Metal Building
Systems conforming to the recommendations of the Metal Building Manufacturers Association
(MBMA) Manual,

2. The manufacturer has at least 15-years' experience in manufacture of Metal Building Systems,

3. The manufacturer is a member of Metal Building Manufacturing Association (MBMA), and

4.  The manufacturer is an AISC Quality Certified Fabricator of Metal Building Systems.

Submit complete roof panel product data for information covering the materials, load/span/deflection

charts, paint and/or coating types with weathering test results, recommended seam sealing techniques

and required equipment, recommended structural fasteners, and installation instructions.

Submit proposed repair methods for approval if required.

Submit Certified Material Test Reports (CMTRs) of each size of high strength bolt that will be
furnished for the erection of the metal building.
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1.04

1.05

Submit wall and roof insulation product data for information covering material specifications,
conformance to standards, certification of recovered material content, and installation instructions.

DESIGN REQUIREMENTS

All required loads (wind, seismic, snow, live, dead, etc.) shall be determined in accordance with the
requirements of the 2002 Kentucky Building Code and applicable supplements.

Load Combinations: In accordance with the requirements of the 2002 Kentucky Building Code.

Provide anchor bolt design and layout for the building foundation. Size anchor bolts to resist shear,
bearing, and uplift based on ASTM A307 material.

Size bracing connections to transfer 1.25 times the member force without using the one-third stress
increase.

Provide sufficient bracing to transfer wind and seismic forces to the footings. Bracing shall utilize
steel rods placed diagonally in the roof and walls. Cable bracing shall be prohibited.

Design and construct the building column bases for shear transfer only.

Design roofing and wall systems for a deflection not exceeding 1/180 of the span between supports.
Roofing Systems: (UL) Class 90 requirements for uplift.

QUALITY ASSURANCE

Building Design: By a manufacturer engaged in the fabrication of Metal Building Systems
conforming to the recommendations of the MBMA Manual, not less than 15 years' experience in
manufacture of Metal Building Systems, and a member of MBMA.

Fabricators: Certified in Metal Building Systems through the AISC Quality Certification Program.

Builders and Erectors: Not less than 5-years' experience in erecting buildings similar to those
required for this project and members of the Systems Builders Association (SBA).

DELIVERY, STORAGE, AND HANDLING

Deliver material to the site in an undamaged condition. Return material bent or damaged during
delivery to the manufacturer for repair or replacement.

Deliver roof panels in protective containers with panel separating material to protect the finish.
Store materials at the job site on blockage aboveground.

Do not deliver insulation and metal siding and roofing panels to the work site until immediately prior
to installation.

Deliver and store insulation in water-resistant plastic containers. Do not wet insulation.
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Handle insulation in a manner to prevent damaging the vapor barrier or the insulation. Do not install
damaged insulation.

Protect stored metal siding and roofing panels from precipitation and dust. Store panels on blocking
aboveground, uniformly supported to prevent permanent deformation, and on edge in their shipping

containers.

Handle panels during installation using softeners and protect panels to prevent

deformation or damage to interlocking edges or finish.

PART 2 - PRODUCTS

2.01

A.

2.02

MATERIALS

Structural Steel Rolled Shapes, Plates, and Bars: ASTM A36.

Machine Bolts: ASTM A307.

High Strength Bolts, Nuts, and Washers: ASTM A325.

Structural Steel Built-Up Members: ASTM A572, minimum yield strength 50 ksi.

Cold-Formed Structural Steel: ASTM A607, Grade 55.

COMPONENTS

Wall, Canopy, and Facia Panels: ASTM A446, Grade A (33,000 psi yield) galvanized steel,
continuous roll-formed sections.

1.

Panels: Architectural-faced panels of not less than 24 gage, galvanized to ASTM A653, G-90,
1.25-0z./ft zinc-coated (galvanized) steel.

Panel Finish: 1 mil min dry thickness, factory applied, baked fluoropolymer resin enamel
finish on the exposed side.

Panel Description: Supplied in maximum lengths to minimize end laps, complete with all
required trim, flashings, panel closures, and other components required for an airtight and
moisture-tight wall system.

Form Exterior Wall Panels: 36-in.-wide with minimum 1 3/8-in.-high ribs at 12 in. on center
with two intermediate, longitudinal stiffening grooves, and overlapping caulked side flanges
designed for exposed fastening.

Form Interior Wall (Liner) Panels: 12-in.-wide X 1 3/8-in.-deep (min) flat panels; two
intermediate, longitudinal stiffening grooves; and interlocking side flanges designed for
concealed fastening.

Interior Liner Panels: Minimum 26-gage wall panels, full wall height around building
perimeter.
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Roof Panels: ASTM A792 (50,000 psi yield) galvanized-aluminized steel, continuous roll-formed
sections.

1. Roofing: Architectural-faced panels of not less than 24 gage, coated with 0.5-0z./ft?
aluminum-zinc alloy-coating, designation AZ 55. Approximately 24-in.-wide flat, with or
without intermediate longitudinal stiffening grooves. Use interlocking standing seam side
joints and a minimum finished height of 2 1/2 in.

2. Provide in maximum possible length to minimize number of end joints. Complete with start
and finish panels, ridge covers, and gable and eave trim.

3. Mount the panels with clips bolted to the structural steel for a concealed floating anchorage,
permitting expansion along the full length of the panel.

4. Furnish roof panels with mounting anchors, matching closure flashings, fillers, and sealants
required for an airtight and moisture-tight roof system.

5. TheRoof Panel Side Joint: Provide a factory-installed sealant gasket in interlocking standing
seams to ensure an airtight and watertight joint.

Panel Design: Determine wall siding and roof section properties in accordance with the AISI
Cold-Formed Steel Design Manual.

Fasteners: Secure the sheet-metal wall panels with stainless steel self-drilling, self-tapping screws
with plated steel washers and neoprene weather seals. Size and space fasteners to sustain the design
loads and allow for expansion. Fasteners and washers to be color coated to match the siding.

Gutters, downspouts, and flashing: Use same type materials, finish, and color as the siding and
roofing (min 26 gage). Install gutters and downspouts that comply with SMACNA Architectural
Sheet Metal Manual for a storm of 5-min duration that is exceeded only once in 10 years. Discharge
downspouts on grade to concrete slash blocks.

Factory Installed Side Joint Caulking Sealant: Butyl rubber or polysulfide base compound
complying with FS TT-S-00230. Design and install to remain flexible while sealing the surface
materials under exterior exposure.

Wall and Roof Insulation: FS HH-1-558B, Type I, Class A flame spread <25 and smoke <50,
vinyl-foil-scrim faced fiberglass insulation R-11 for walls and R-19 for roof, maximum water vapor
transmission value of 0.2 perm, white facing with a light reflectance of 72%, 60 in. wide, as needed.

1 Fiberglass shall contain, as a minimum, the percentage of recovered materials required in 40
CFR 247.

2. Use seam tape, nonstaining adhesives, staples, wall and roof trim strips, and accessories
recommended by the insulation manufacturer.

3. Do not use foamed plastic materials.
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2.03

2.04

4. Install insulation over the purlins and girts prior to installation of the panels with the vapor
barrier turned toward the inside of building. Use insulation with 2-in. folded, stapled, and
tucked tabs.

Provide a stock entrance canopy over all 3-ft X 7-ft exterior doors. Canopy: Overhang of 4 ft 4 in.
and a width of 6 ft 0 in. Construction and finish to match building.

Mount roof exhaust fans on a factory-supplied roof curb. Match the curb flashing tie-ins of the
standing seam roof to the standing seam roof panel profile. Show all curbs and flashing on shop
drawings, provided or approved by the roof-panel manufacturer. Mount wall louvers on a
factory-supplied subframe.

FABRICATION

Building: Includes all structural framing, metal roofing, siding, gutters and downspouts, flashing,
trim and closures, filler strips, door subframes, overhead door framing, hardware, fasteners, shop and
factory painting, insulation as needed, and all other component parts of the building. Design and
shop fabricate the building steel to permit bolted assembly of parts.

Conform to the dimensions and roof slopes shown on the accompanying drawings.

All structural steel shop connections shall be welded and inspected in accordance with AWS D1.1
and D1.3 using certified welders and welding procedures.

All Members: Free of twists or bends and true to length so that assembly may be done without use of
fillers.

Building Columns: 1-in. grout allowance for leveling.

Design and fabricate the building to allow for the wind and seismic bracing to be placed diagonally in
the roof and walls. Install flange brace angles as required. Do not use steel cables for primary
bracing.

Make all primary (rigid frames of shop-welded steel plate columns and rafters) field-bolted
connections with high-strength bolts. Use machine bolts for secondary (purlins, girts, struts, flange
braces, base angles, base trim angles, and door frames) bolted connections. Tighten all bolted
connections by the AISC turn-of-the-nut method.

Fabricate framed openings for overhead doors using structural channel material of sufficient size to
carry all design loads including dead weight and wind.

FINISHES
The color of all building components receiving factory-applied finish shall be selected from the

building manufacturer's standard color chart. Prime and paint steel surfaces not receiving
factory-applied finish, such as structural framing, frames, etc.
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2.05

SOURCE QUALITY CONTROL

The Project Manager or designee may conduct inspections at the Subcontractor's facility where
fabrication of the steel building frame and all associated components to be erected will be done. The
inspection will confirm that the parts being fabricated, tested, and inspected are in accordance with
contractual requirements and this specification. Inspection may include either witnessing the
operation or reviewing the results/data, or both. Inspections may be conducted at Contractor's
discretion. Specific activities under the surveillance program are as follows:

1.  Verify the material used for fabricating the steel framing, siding, and roofing panels of the
metal building.

2. Verify certification of the nuts and bolts.

3. Verify dimensional inspection.

4.  Verify hole placement for bolt connections.

5. Verify joint welding procedures meet AWS D1.1 and D1.3 requirements.
6.  Verify and observe welding procedure specification requirements.

7. Verify AWS welder qualifications.

8.  Verify and observe the inspection of welding, weld sizing, and inspection for any unacceptable
weld conditions before accepting fabricated section.

9.  Verify that the painting has been completed on all sections, prior to stacking of material.

10. Review vendor manufacturing data of welding inspection completed by subcontractors to the
Contractor.

11. Verify all data has been reviewed prior to shipment.

PART 3 - EXECUTION

3.01

EXAMINATION

Prior to erection, examine foundations and anchors to ascertain that the work is done.

During roof installation, examine the fastener and standing seam closures for completeness and
defects occurring that would effect the weathertightness or wind-resistance capability of the
completed enclosure.

Prior to the start of the metal panel erection, examine the installed insulation and structural steel for
the accuracy of erection, the proper installation of the girts and/or purlins, and readiness for the

structure to receive the metal panels. Report any defects that would effect the installation and
propose repair methods.
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3.02

3.03

Examine the area which is to receive the roofing, noting the completeness of the structural steel and
fasteners, and the condition of the roof insulation. Correct defects in the structural steel and the
insulation prior to starting the roofing installation.

Examine concealed fasteners for the correct type, number, and proper engagement with the structural
support and the siding.

Prior to insulation installation, examine the structural steel to ascertain the work is properly and
completely done in the area to be insulated.

Examine the completed siding panel installation. Clean and repair soiled or abraded areas. Seal gaps
or loose edges of trim and flashings by caulking and adding screws to bring the parts into alignment.
Remove protective removable film, if provided on the panels.

Prior to the final acceptance, examine the insulation installation, cleaning any soiled vapor barrier,
and repairing any punctures or torn areas with matching vapor barrier materials. Examine seams for
gaps or incomplete closures and seal with matching tape or adhesive.

Examine the finished roofing installation. Repair any defects and refinish any abraded or scratched
areas in the roof panel finish to match the finish. Clean the panels of all dust, dirt, or debris. Replace
warped, bent, or unrepairable panels.

PREPARATION

Coordinate the insulation installation with the roof deck and wall panel installation to ensure the
insulation is covered and protected from precipitation immediately after installation.

Do not start installation until all materials required for the roof deck and wall panel installation are at
the job site.

Limit the amount of unbundled siding and roofing panels to the amount for immediate installation.
ERECTION/INSTALLATION

Erect a weathertight, steel building. Follow manufacturer's instructions and comply with details and
requirements shown on approved shop drawings.

Erect structural frames true to line, level and plumb, rigid and secure. Level base plates to true even
plane with full bearing to supporting structure. Install diagonal bracing, purlins, girts, struts, and
other secondary framing.

Provide shapes of proper design and size to reinforce openings and to carry loads and vibrations
imposed, including equipment furnished under mechanical or electrical work.

Do not install insulation during periods of inclement weather.
Apply roof insulation in succeeding widths from eave to eave allowing an overhang of 6 to 8 in.

Extend the vapor barrier beyond the insulation to form a continuous edge tab for folding, stapling,
taping, and sealing with adhesive.
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Field erect wall panels in accordance with approved shop drawings and the manufacturer's
instructions. Place and erect the panels plumb, true, and level.

Install adequate temporary guys and bracing as construction proceeds to resist wind and seismic
forces as specified in Articles 1.05A and 1.05B. Guys and bracing shall be in accordance with the
MBMA Manual.

Inspect fasteners that will be concealed for the correct type, numbers, and proper engagement with
structural support.

Install flashings, closures, and trim as shown on the shop and design drawings. Caulk and seal joints
weathertight. Closely follow siding installation with the flashings, trim, and closure installation to
protect the insulation from precipitation.

Fasteners for Exterior and Liner Wall Panels to the Structural Steel: Minimum No. 10 screws at
12 in. on center.

Eave and Rake Flashings at Start and Finish Wall Panels and Ridge Panels: No. 14 minimum screws
with neoprene washers at 12 in. on centers.

Corner Flashings: Fasten with No. 14 minimum screws with neoprene washers at 8 in. on center
max.

Coordinate insulation installation with wall and roof panel installation.
Apply wall insulation in succeeding widths and in full height lengths of the wall from top to bottom.
Extend the vapor barrier beyond the insulation to form a continuous edge tab for folding, stapling,

taping, and sealing with adhesive.

Install insulation only when remaining construction operations will not damage the installed
insulation.

Place insulation widths smooth over purlins and girts to remove wrinkles and creases in the vapor
barrier. Make joints between widths stapled, taped, and/or applied with adhesive as specified by the
approved insulation manufacturer's instructions. Provide a continuous thermal and vapor barrier over
the entire roof and wall area. Install insulation on the cold or weather side of electrical outlets, ducts,
pipes, or other utility items.

Perform roofing installation using a qualified, experienced erector approved by the roof panel
manufacturer. Use seam closure equipment approved by the roof panel manufacturer.

Install concealed standoff clips using a minimum of two, No. 12 min, screws through the thermal
break spacer block into the structural roof purlins.

Install roofing panels over concealed standoff clips.

Install roofing panels with accessories and sealants as recommended by the manufacturer to ensure a
rigid-water and airtight enclosure.

Install roofing panel flashings and trim.
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3.04 PROTECTION

A At the completion of each work period, secure loose unfastened panels and flashings to prevent being
wind borne from the stored location.

B. Protect the installed insulation from construction damage and exposure to precipitation.

END OF SECTION
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SECTION 13405
PROCESS CONTROL AND INSTRUMENTATION
PART 1 GENERAL
1.1 REFERENCES

The publications listed below form a part of this specification to the extent referenced. The publications
are referred to within the text by the basic designation only.

A.  AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C12.1 (2001) Electric Meters Code for Electricity Metering

ANSI INCITS 154 (1988; R 1999) Office Machines and Supplies -
Alphanumeric Machines-Keyboard Arrangement

ANSI X3.64 (1979; R 1990) Additional Controls For Use With the
American National Standard Code for Information
Interchange

B. AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING
ENGINEERS (ASHRAE)

ASHRAE Fundamentals Handbook (2005) Fundamentals Handbook
C. AMERICAN WATER WORKS ASSOCIATION (AWWA)
AWWA C606 (2004) Grooved and Shouldered Joints

D. ASME INTERNATIONAL (ASME)

ASME B31.8 (2003) Gas Transmission and Distribution Piping Systems

ASME BPVC SEC VIII D1 (2004) Boiler and Pressure Vessel Code; Section VIII,
Pressure Vessels Division 1 - Basic Coverage

ASME FED (1971; Sixth Edition) Fluid Meters Their Theory and
Application

E. ASTM INTERNATIONAL (ASTM)

ASTM A 536 (1984; R 2004) Ductile Iron Castings
ASTM B 88 (2003) Seamless Copper Water Tube
ASTM B 88M (2003) Seamless Copper Water Tube (Metric)
ASTM D 1238 (2004b) Melt Flow Rates of Thermoplastics by Extrusion
Plastometer
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ASTM D 1693

ASTM D 2000

ASTM D 635

ASTM D 638

ASTM D 792

(2005) Environmental Stress-Cracking of Ethylene Plastics
(2005) Rubber Products in Automotive Applications

(2003) Rate of Burning and/or Extent and Time of Burning of
Plastics in a Horizontal Position

(2003) Tensile Properties of Plastics

(2000) Density and Specific Gravity (Relative Density) of
Plastics by Displacement

F. ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA ANSI/EIAITIA-232-F

(2002) Interface Between Data Terminal Equipment and Data
Circuit-Terminating Equipment Employing Serial Binary
Data Interchange

G. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C37.90 (1994) Relays and Relay Systems Associated with Electric
Power Apparatus

IEEE C37.90.1 (2002) Surge Withstand Capability (SWC) Tests for Relays
and Relay Systems Associated with Electric Power Apparatus

IEEE C62.41 (1991; R 1995) Recommended Practice for Surge Voltages in
Low-Voltage AC Power Circuits

IEEE Std 100 (2000) The Authoritave Dictionary of IEEE Standards Terms

IEEE Std 142 (1992) Recommended Practice for Grounding of Industrial
and Commercial Power Systems - Green Book

IEEE Std 802.3 (2002) Information Technology - Telecommunications and
Information Exchange Between Systems LAN/MAN -
Specific Requirements - Part 3: Carrier Sense Multiple
Access with Collision Detection (CSMA/CD) Access Method
and Physical Layer Specifications

H. INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)

IEC 61131-3 (2003) Programmable Controllers - Part 3: Programming

Languages
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. INTERNATIONAL TELECOMMUNICATION UNION (ITU)

ITU V.34 (1998) Data Communication Over the Telephone Network: A
Modem Operating at Data Signaling Rates of up to 33,600
bits for use on the General Switched Telephone Network and
on Leased Point-to-Point Two-Wire Telephone Type Circuits

ITU V.42 bis (1990) Data Communication over the Telephone Network:
Data Compression Procedures for Data Circuit Terminating
Equipment (DCE) Using Error Correction Procedures

J. ISA - THE INSTRUMENTATION, SYSTEMS AND AUTOMATION SOCIETY (ISA)

ISA MC96.1 (1982) Temperature Measurement Thermocouples

ISA S7.0.01 (1996) Quality Standard for Instrument Air

K. NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250

NEMAICS 1

NEMA ICS 2

NEMA ICS 3

NEMA ICS 4

(2003) Enclosures for Electrical Equipment (1000 Volts
Maximum)

(2000; R 2005) Industrial Control and Systems: General
Requirements

(1996; R 2004) Standard for Industrial Control and Systems:
Controllers, Contractors, and Overload Relays Rated Not
More than 2000 Volts AC or 750 Volts DC: Part 8 -
Disconnect Devices for Use in Industrial Control Equipment

(2005) Industrial Control and Systems: Medium Voltage
Controllers Rated 2001 to 7200 Volts AC

(2000) Industrial Control and Systems: Terminal Blocks

L. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70

(2005) National Electrical Code

M. NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST SP 250

(1998) Calibration Services Users Guide

N. U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 60

47 CFR 15

47 CFR 68

Standards of Performance for New Stationary Sources
Radio Frequency Devices

Connection of Terminal Equipment to the Telephone
Network
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O. UNDERWRITERS LABORATORIES (UL)

UL 1059 (2001; Rev thru Mar 2004) Terminal Blocks
UL 508 (1999; Rev thru Dec 2003) Industrial Control Equipment
UL 94 (1996; Rev thru Dec 2003) Tests for Flammability of Plastic

Materials for Parts in Devices and Appliances
1.2 CONTROL SYSTEM DESCRIPTION
The process instrumentation and control system shall be used to monitor and control the operation of
process equipment as specified and in accordance with the sequence of control and control schematics
shown on the drawings. The control system shall provide for operator interaction, overall control system
supervision, and process equipment control and monitoring. The Subcontractor shall provide hardware
configured and sized to support expansion as specified and shown on the drawings.
1.2.2 Control System Operation
The control system provided under this specification shall operate using direct digital control (DDC)
algorithms or ladder logic type and supervisory control to provide the required sequences of operation.
Input data to the controller shall be obtained by using instruments and controls interfaced to mechanical,
electrical, utility systems and other systems as shown and specified. All required setpoints, settings,
alarm limits, and sequences of operation shall be as identified in the piping and instrumentation drawings,
electrical schematics, interlock tables and the process control description. The number and location of
control panels shown on drawings shall be provided as a minimum.
1.2.3 Control System Points
Inputs to and outputs from the control system shall be in accordance with the Input/Output (1/O)
Summary Table shown on the drawings. Each connected analog output (AO), analog input (Al), digital
output (DO), digital input (DI), pulse accumulator (PA) input and other input or output device connected
to the control system shall represent a "point™ where referred to in this specification.
1.2.4 Symbols, Definitions, and Abbreviations
Symbols, definitions, and engineering unit abbreviations shall conform to IEEE Std 100, as applicable.
1.3 ENVIRONMENTAL CONDITIONS

Capacity and design of the air moving equipment and accessories shall be suitable for 24-hour full load
service and shall meet the following criteria.

A. Location: Paducah, Kentucky (Seismic design to KY Zone E)
1.4 SUBMITTALS

Government approval is required for submittals with a "G" designation; submittals not having a "G"
designation are for information only. The following shall be submitted:
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. Shop Drawings
o Installation
e  Wiring

Detail drawings containing complete piping, wiring, schematic, flow diagrams and any other details
required to demonstrate that the system has been coordinated and will properly function as a unit. Piping
and Instrumentation (P&ID) drawings will be prepared using industry recognized device symbols, clearly
defined and describing piping designations to define the service and materials of individual pipe segments
and instrument tags employing Instrument Society of America suggested identifiers. Drawings shall
include, as appropriate: product specific catalog cuts; a drawing index; a list of symbols; a series of
drawings for each control system using abbreviations, symbols, nomenclature and identifiers as shown;
valve schedules; compressed instrument air station schematics, and ASME air storage tank certificates for
each type and make of compressed instrument air station.

Product Data

Compressed Air Stations

Instrumentation compressed-air station schematic diagram showing equipment utilized, including
compressor with motor output and voltage; starter; isolators; manual bypasses; tubing sizes; drain piping
and drain traps; reducing valves; air-dryer; and data on manufacturer's nhames and model numbers,
mounting, access, and clearance requirements. Air-compressor and air-dryer data shall include
calculations of the air consumption of current-to-pneumatic transducers (IPs), pneumatic control valves
and of other control system devices to be connected to the compressed-air station; the number of starts per
hour, the running time for the unit selected; and the compressed air-supply dewpoint temperature at 80

psig.

Instrumentation and Control System

Manufacturer's descriptive and technical literature, performance charts and installation instructions.
Product specific catalog cuts shall be in booklet form, indexed to the unique identifiers, and shall consist
of data sheets that document compliance with the specification. Where multiple components are shown
on a catalog cut, the application specific component shall be marked.

Sensors and Meters

Manufacturer's descriptive and technical literature, catalog cuts, performance charts and installation
instructions.

Training Manual

Instruction manual within 60 days of Notice to Proceed.

Performance Verification Test (PVT)

The performance verification test procedure; it shall refer to the actions and expected results to
demonstrate that the control system performs in accordance with the sequence of control. A list of the
equipment to be used during the testing shall be included. The list shall also include manufacturer's
name, model number, equipment function, the date of the latest calibration and the results of the latest
calibration.
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Factory Test Procedure

Documentation containing factory test methods and procedures.

Test Reports

e  Factory Test Report
e  Testing, Adjusting and Commissioning
e Performance Verification Test (PVT)

e Endurance Test

Test results in report format.

e [nsertion Turbine Flowmeter

Calibration test data.

o  Certificates

e Control and Sensor Wiring

e Certified test results for surge protection.

e Ground Rods

e Certification stating that the test was performed in accordance with IEEE Std 142.

e  Operation and Maintenance Data

e Instrumentation and Control System

Operating instructions outlining the step-by-step procedures required for system startup, operation and
shutdown. The instructions shall include layout, wiring and control diagrams of the system as installed.
The instructions shall include the manufacturer's name, model number, service manual, parts list and a

brief description of all equipment and their basic operating features.

Maintenance instructions listing routine maintenance procedures, possible breakdowns and repairs and
trouble shooting guides.

1.5 EQUIPMENT REQUIREMENTS
1.5.1 Materials and Equipment

Materials and equipment shall be standard unmodified products of a manufacturer regularly engaged in
the manufacturing of such products. Units of the same type of equipment shall be products of a single

13405-6

G-56



manufacturer. Items of the same type and purpose shall be identical and supplied by the same
manufacturer, unless replaced by a new version approved by the Project Manager or designee.

1.5.2 Nameplates

Each major component of equipment shall have the manufacturer's name and address, and the model and
serial number in a conspicuous place. Laminated plastic nameplates shall be provided for equipment
devices and panels furnished. Each nameplate shall identify the device, such as pump "P-1" or valve
"VLV-402". Labels shall be coordinated with the schedules and the process and instrumentation
drawings. Laminated plastic shall be 1/8 inch thick, white with black center core. Nameplates shall be a
minimum of 1 by 3 inches with minimum 1/4 inch high engraved block lettering. Nameplates for devices
smaller than 1 by 3 inches shall be attached by a nonferrous metal chain. All other nameplates shall be
attached to the device.

PART 2 PRODUCTS
2.1 GENERAL REQUIREMENTS

Equipment located outdoors, not provided with climate controlled enclosure, shall be capable of operating
in the ambient temperature range indicated in paragraph ENVIRONMENTAL CONDITIONS, unless
otherwise specified. Electrical equipment will conform to Specification. Equipment and wiring must be
in accordance with NFPA 70, with proper consideration given to environmental conditions such as
moisture, dirt, corrosive agents, and hazardous area classification.

2.2 MONITORING AND CONTROL PARAMETERS

The control system shall be complete including sensors, field preamplifiers, signal conditioners, offset
and span adjustments, amplifiers, transducers, transmitters, control devices, engineering units conversions
and algorithms for the applications; and shall maintain the specified end-to-end process control loop
accuracy from sensor to display and final control element. Control equipment shall be powered by a 120
VAC, single phase, 60 Hz power source, with local transformers included as needed for signal
transmission and subsystem operation. Connecting conductors shall be suitable for installed service.
Enclosures shall be rated for NEMA ICS 4.

2.2.1 Transmitter

Unless indicated otherwise, each sensor shall be provided with a transmitter, selected to match the sensor.
Except where specifically indicated otherwise on the drawings, the transmitter shall be provided with a
four digit or analog visual display of the measured parameter and shall provide a 4 to 20 mA DC output
signal proportional to the level of the measured parameter. Accuracy shall be plus or minus 5 percent of
full scale reading with output error not exceeding plus or minus 0.5 percent of the calibrated
measurement. Transmitter shall be located where indicated, mounted integrally with the sensor, pipe
mounted, wall mounted or installed in the control panel. The distance between the sensor and transmitter
shall not exceed the manufacturer's recommendation. Field preamplifiers and signal conditioners shall be
included when necessary to maintain the accuracy from sensor to the programmable logic controller or
recorder.

2.2.2 Off-Gas or Vapor Service

Sensors and meters in vapor service shall be rated for continuous duty service and meet the following
additional requirements:
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Type — Photoacoustic field gas monitor (as specified below or equivalent):

a. Innova Photoacoustic Field Gas Monitor, Model 1412 including optical filters for
trichloroethene, vinyl chloride, cis-1,2-dichloroethene, trans-1,2-dichloroethene, and
1,1-dichlorethene .

b. Calibration Kit, standard span gas calibration and special span gas calibration with cis-
1,2-dichloroethene, trans-1,2-dichloroethene, and 1,1-dichlorethene.

Operation:

a. To measure a continuous sample of the off-gas for detection of VOCs (trichloroethene,
vinyl chloride, cis-1,2-dichloroethene, trans-1,2-dichloroethene, 1,1-dichlorethene with
local gas concentration read out and indication on the local control panel recorder.

Process:
a. Fluid — Off-Gas VOC
Physical:
a. Housing, 6.9”H x 15.6”W x 11.8”D
b. Power - 120 vAC 60 Hz
Performance:

Linear dynamic range of 5 orders of magnitude
Accuracy — typically +/- detection limit
c. Detection limit (minimum):
e trichloroethene — 4 ppm
vinyl chloride — 2 ppm
cis-1,2-dichloroethene — 2 ppm
trans-1,2-dichloroethene — 2 ppm
1,1-dichlorethene — 2 ppm
d. Failsafe self diagnostic — coded to display
e. Output — local display of gas mg/m3, g/m3, u/m3 ppm, vol%, or ppb

oo

2.2.3 Liquid Service

Sensors and meters in liquid service shall be rated for continuous duty service at fluid approach velocities
from 0.327 ft/s to 10 ft/s with correspondingly higher constriction velocities over a fluid temperature
range from 32° F to 250° F at pressures up to 150 psig.

2.2.4 Flow Sensor

Liquid flow indication shall be provided in gpm. Vapor flow indication shall be provided in cubic feet
per minute (cfm). Pressure taps shall incorporate appropriate snubbers. Unless indicated otherwise, the
flow transmitter shall produce a signal that is proportional to the volumetric flow rate, compensated for
fluid temperature, and shall have an accuracy of plus or minus 3 percent of full flow. Flow transmitter
shall be located within 15 feet of the flow element. The flow transmitter shall include a digital readout of
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the volumetric flow rate to 3 significant figures. The controller shall be provided with a minimum of
three alarm lights. The first alarm light shall indicate when the lower (warning) detection level has been
exceeded. The second alarm light shall indicate when the upper (alarm) detection level has been
exceeded. The third alarm light shall indicate a controller malfunction, including loss of power or loss of
sensor input. The controller shall be provided with a minimum of three sets of dry contacts rated in
accordance with NEMA ICS 1. The first set of contacts shall close when the lower (warning) detection
level has been exceeded. The second set of contacts shall close when the upper (alarm) detection level
has been exceeded. The third set of contacts shall close when a controller malfunction has occurred,
including loss of power or loss of sensor input. The alarm levels shall be individually adjustable. The
controller shall be provided with an audible warning horn that sounds when the upper detection level has
been exceeded, and a warning horn silence button. The controller shall provide a 4-20 mA DC output
signal to the programmable logic controller, proportional to the measured parameter. The controller shall
be provided with an internal battery to maintain operation for a minimum of 12 hours if power is lost.
Flow rate shall be controlled to within plus or minus 5 percent of the design flow.

2.2.4.1 Flow Nozzle

Flow nozzle shall be made of austenitic stainless steel. The inlet nozzle form shall be elliptical and the
nozzle throat shall be the quadrant of an ellipse. The thickness of the nozzle wall and flange shall be such
that the accuracy will not be degraded by distortion of the nozzle throat from strains caused by the
pipeline temperature and pressure, flange bolting, or other methods of installing the nozzle in the pipeline.
The outside diameter of the nozzle flange or the design of the flange facing shall be such that the nozzle
throat shall be centered accurately in the pipe.

2.2.4.2 Flow Switch

Flow switch shall have a repetitive accuracy of plus or minus 10 percent of actual flow setting. Switch
actuation shall be adjustable over the operating flow range. Flow switch for use in contaminated
groundwater, vapor and or hot gas system shall be rated for use and constructed of suitable materials for
installation in the environment encountered. The flow switch shall have non flexible paddle with Form C
snap action contacts, rated in accordance with NEMA ICS 1.

2.2.4.3 Magnetic Flowmeter

Magnetic flowmeter shall be non-intrusive and shall measure fluid flow through the use of a self
generated magnetic field. The magnetic flow element shall be encapsulated in type 300 stainless steel.
Flowmeter shall be capable of measuring clean or dirty flow up to a maximum flow velocity 10 fps. The
metering tube shall be constructed of material compatible with the fluid being measured. The maximum
pressure drop across the meter and appurtenances shall be 5 psi at the maximum flow rate.

2.2.4.4 Natural Gas or Propane Flow Meter

Flowmeter for natural gas or propane flows, corrected to standard conditions, of up to 2500 cfh shall be of
the positive displacement diaphragm or bellows type and for flows above 2500 cfh, shall be of the axial
flow turbine type. Meters shall be designed specifically for natural gas or propane supply metering and
rated for the pressure, temperature and flow rates of the installation. Permanent meters shall be suitable
for operation in conjunction with an energy monitoring and control system. Meter body shall be
constructed of 316 stainless steel. Meter shall have a minimum turndown ratio of 10 to 1 with an accuracy
of plus or minus 1percent of actual flow rate. The meter index shall include a direct reading mechanical
totalizing register and electrical impulse dry contact output for remote monitoring. The electrical impulse
dry contact output shall provide not less than 1 pulse per 2.8 cubic meters (100 cubic feet) of gas and shall
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require no field adjustment or calibration. The highest electrical impulse rate available from the
manufacturer, not exceeding 10 pulses per second, for the installed application shall be provided.

2.2.4.5 Orifice Plate

Orifice plate shall be made of 304 series stainless steel sheet. The outlet side of the bore shall be beveled
at a 45 degree angle. The thickness of the cylindrical face of the orifice shall not exceed one-fiftieth of
the pipe inside diameter or one-eighth of the orifice bore, whichever is smaller. The orifice plate shall be
flat within 20 mils. The orifice surface roughness shall not exceed 0.02 mils. Orifice plates shall be
concentric plates with a square and sharp upstream edge of the orifice. Orifice bore shall be designed to
match the operating parameters stated in the drawings. Plate shall be permanently identified with line
size, flange rating, orifice bore diameter, plate thickness and material.

2.2.4.6 Paddle Type Flowmeter

Sensor accuracy shall be plus or minus 5 percent of rate of flow, minimum operating flow velocity shall
be 1.0 fps. Sensor repeatability and linearity shall be plus or minus 1 percent. Sensor shall be non-
magnetic, with forward curved impeller blades designed for water containing debris. Wetted materials
shall be made from non-corrosive materials and shall not contaminate water.  The sensor shall be
provided with isolation valves.

2.2.4.7 Pitot Tube

The velocity sensing element shall be of the pitot tube type. Each transmitter shall have a low range
differential pressure sensing element and a square root extractor. Sensing element accuracy shall be plus
or minus 1 percent of full scale. Transmitter accuracy shall be plus or minus 0.25 percent of the
calibrated measurement. Overall accuracy shall be plus or minus 5 percent over a range of 500 to 2500
fpm scaled to air volume. The resistance to air flow shall not exceed 0.08 inch water at an air flow of
2000 fpm.

2.2.4.8 Annular Pitot Tube

Sensor shall have an accuracy of plus or minus 2 percent of full flow and a repeatability of plus or minus
0.5 percent of measured value. Annular pitot tube shall be averaging type differential pressure sensors
with four total head pressure ports and one static port made of austenitic stainless steel. The total head
pressure ports shall extend diametrically across the entire pipe.

2.2.4.9 Positive Displacement Flowmeter

Output accuracy shall be plus or minus 2 percent of the flow range. The flow meter shall be a direct
reading, gerotor, nutating disk or vane type displacement device rated for liquid service. A counter shall
be mounted on top of the meter, and shall consist of a non-resettable mechanical totalizer for local
reading, and a pulse transmitter for remote reading. The totalizer shall have a six digit register to indicate
the volume passed through the meter in gallons. A sweep-hand dial will indicate down to 1 gallon. The
pulse transmitter shall have a hermetically sealed reed switch which is activated by magnets fixed on
gears of the counter. The meter shall have a bronze body with threaded or flanged connections as
required for the application. The maximum pressure drop at full flow shall be 5 psig.
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2.2.4.10 Turbine Meters

Turbine meters shall be series 300 stainless steel with an accuracy of plus or minus 1 percent from 30
percent to 100 percent of actual flow.

2.2.4.11 Insertion Turbine Flowmeter

Design of the flowmeter probe assembly shall incorporate integral flow, temperature, and pressure
monitoring. The meter flow sensing element shall operate over the temperature range with a pressure loss
limited to 2 percent of operating pressure at maximum flow rate. The internal temperature transmitter
shall monitor the full temperature range of the fluid. The integral pressure transmitter shall monitor the
pressure range with end limits of O psi to 300 psig. The flowmeter electronics shall be scaled and rescaled
in the field when application data changes. The flowmeter shall be designed for installation in pipe sizes
of 3 inches and larger to accommodate maximum probe insertion depths up to 44 inches. The retractor
assembly shall have a rotor depth gage having graduations of 0.1 inches to determine exact position of
turbine rotor in the pipe. The meter retractor assembly and the turbine rotor assembly shall be constructed
of Series 300 stainless steel with polytetrafluoroethylene (PTFE) seals. The meter retractor assembly
shall be designed to protect the turbine rotor during insertion into the pipeline. Retraction of the turbine
rotor shall be accomplished by using a hand wheel. The retractor assembly shall include an isolation
valve providing a means of removal of the meter from service to allow for field maintenance and field
replacement of the rotor assembly or parts. The turbine rotor shall be designed to allow compensation
for bearing wear without affecting rotor calibration. The turbine rotor shall have an over range operating
capacity of 150 percent of maximum flow for up to 5 seconds. The rotor shall be calibrated at the factory
in an actual flow of similar fluid over the flow range performed on test equipment with accuracy traceable
to the National Institute of Standards and Technology (NIST). A copy of the calibration test data,
including all of the physical parameters under which the calibration tests were performed, shall be
provided with each turbine rotor. Calibration test data shall be analyzed to determine the rotor's
arithmetic average "K" factor, the best line fit and the plus or minus deviation from these figures. Turbine
flowmeter accuracy shall be plus or minus 1 percent of reading for a minimum turndown ratio of 1:1
through a maximum turndown ratio of 50:1. Repeatability shall be plus or minus 0.25 percent of reading.
Accuracy of the transmitter shall be plus or minus 0.25 percent over the calibrated span. The turbine rotor
response time from minimum to maximum flow shall be less than 10 milliseconds.

2.2.4.12 Ultrasonic Flowmeter

Ultrasonic flowmeter shall utilize high frequency Doppler shift or transit-time transducer. Flowmeter
shall be capable of measuring flow up to a maximum flow rate of 15 fps.

2.2.4.13 Variable Area Flowmeter

Meters shall have an accuracy of plus or minus 5 percent of full scale. The flowmeter body shall be clear
acrylic plastic or glass with stainless steel end fittings. The float shall be glass or stainless steel. The
metering tube shall be tapered and shall be provided with a direct reading flow scale engraved on the
meter body.

2.2.4.14 Venturi Tube

Venturi tube shall be made of cast iron or cast steel. The throat section shall be lined with austenitic

stainless steel. Thermal expansion characteristics of the lining shall be the same as that of the throat
casting material. The surface of the throat lining shall be machined to a plus or minus 1.2 micron (50

13405-11

G-61



mils) finish, including the short curvature leading from the converging entrance section into the throat.
The metering tube shall be rated for continuous duty service at minimum pressure of 100 psig.

2.2.4.15 Vortex Shedding Flowmeter

The accuracy shall be within plus or minus 2 percent of the actual volumetric flow. The flow meter body
shall be made of austenitic stainless steel. Flowmeter shall be rated for continuous duty service at
minimum pressure of 100 psig. The vortex shedding flowmeter body shall not require removal from the
piping in order to replace the shedding sensor.

2.2.5 Level Instrumentation

Pressure taps shall incorporate appropriate snubbers. Relays and housing shall be intrinsically safe or
explosion proof as required by the NFPA hazard rating for compatibility with the contents of the tank or
sump. The controller shall be provided with a minimum of three sets of dry contacts rated in accordance
with NEMA ICS 1. The first set of contacts shall close when the lower (warning) detection level has been
exceeded. The second set of contacts shall close when the upper (alarm) detection level has been
exceeded. The third set of contacts shall close when a controller malfunction has occurred, including loss
of power or loss of sensor input. The alarm levels shall be individually adjustable. The controller shall
be provided with an audible warning horn that sounds when the upper detection level has been exceeded,
and a warning horn silence button. The controller shall provide a 4-20 mA DC output signal to the
programmable logic controller, proportional to the measured parameter. The controller shall be provided
with an internal battery to maintain operation for a minimum of 12 hours if power is lost.

2.2.5.1 Bubble Type Level Sensor

Bubbler type liquid level sensor shall be of the hydrostatic balance type, operating from compressed air.
Each gauging system shall contain the following: an air set including connection to plant air, compressed
air pressure regulating valve, air filter and moisture trap; a sight feed bubbler with built-in adjusting
needle valve; a tank entry gland with air supply and equalized pilot signal connections; a 1/2 inch
standard weight 316 stainless steel dip tube; a direct reading circular gauge 300 mm (12 inch) in diameter
calibrated for the connected tank and tank liquid; connections to the circular gauge and to the pressure
transducer for zero setting and calibration check; a connecting bubbler supply and equalized pilot signal
stainless tubing with minimum field made joints; and a pressure transmitter, selected to correspond to the
range required to gauge the connected tank.

2.2.5.2 Capacitance Type Level Sensor

Liquid level sensor shall produce a signal that is proportional to the measured level. Sensor shall be
capacitance type. The transmitter shall have non-interacting zero and span adjustments, and shall have an
accuracy of plus or minus 1 percent of calibrated span. Assemblies shall include wall bracket or
mounting plate, austenitic stainless steel rods, stainless steel bolts and corrosion-resistant housing.

2.2.5.3 Conductivity Switch

The switch shall detect the presence of a fluid by measuring the electrical resistance between a sensor and
a ground electrode. Electrodes shall be constructed of 316 stainless steel. Electrodes shall be fully clad
using polytetrafluoroethylene (PTFE). The conductivity switch shall be capable of 4 separate level set
points. The switch shall be provided with a ground electrode. Electrode lengths shall be as necessary,
based on the application and to meet the requirements of the control sequence. A relay switching point
shall be provided for each sensor. Contacts shall be rated for a maximum of 240 vAC, 5 A. Switch shall
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have a maximum response time of 2 seconds. Assembly shall be flange mounted and suitable for the
indicated environment.

2.2.5.4 Displacement Type Level Switch

Liquid level switch shall be displacement type, having a minimum of two tandem floats with each float
independently activating a set of Form C contacts at two different level settings. Each switch shall have a
narrow differential band. The mounting connections shall be threaded, flanged or surface mounted to suit
the application. All surfaces in contact with the tank contents shall be austenitic stainless steel. The
switch enclosure shall be explosion proof for use in a hazardous environment, complete with a sealed
water tight junction box, terminal block, and mounting plate. Each set of contacts shall be snap action,
dry contact type with one normally open and one normally closed, contact rated in accordance with
NEMA ICS 1. The switch shall be actuated by a magnetically equipped stainless steel displacer.
Repetitive accuracy shall be plus or minus 6 mm (1/4 inch) of actual displacer setting.

2.2.5.5 Float Switch

Float switch assemblies for use in liquid systems shall consist of wall bracket or mounting plate,
galvanized steel rods, stainless steel bolts, explosion proof and corrosion resistant housing, and
intrinsically safe relays. Each switch shall consist of two normally open switches. The float casing shall
be polypropylene. The switch cable shall be oil resistant thermoplastic cable with 4 No. 18 gauge stranded
copper conductors, rated for 600 Volt application.

2.2.5.6 Reed Sensor

Sensor shall consist of a transmitter tube with a reed strip located inside. The tube length shall be of
sufficient length to permit adjustment of switch actuation within process parameters. A float containing a
permanent magnet shall fit over the transmitter tube and shall move up and down with the liquid level.
The transmitter tube and sliding float assembly shall be as required for the application as shown on the
drawings. Wetted parts shall be suitable for the installed service indicated. Assembly shall be flange
mounted.

2.2.5.7 Ultrasonic Sensor

The sensor shall be microprocessor-based and shall provide continuous, non-contact level measurement
of liquids and solids utilizing microwave pulsed time of flight measurement method. The sensor shall
operate in a frequency band approved for industrial use. The sensor shall be capable of measuring in a
range of O to 10 feet, with an accuracy of plus or minus 1 percent of full scale. The sensor shall be
capable of distinguishing between real echoes, reflections and background noise. The sensor shall
automatically compensate for temperature changes. Assembly shall be flange mounted, of sufficient size
to eliminate echoing, and suitable for the installed environment indicated. Mounting assembly shall be
suitable for service without requiring entry or drainage of the vessel or sump where level is being
measured.

2.2.5.8 Leak Detection

Double walled containment system leak detectors shall use electrodes mounted in the interstices of double
walled containment systems. Leak detectors for open systems shall be mounted at slab or floor level.
Detector shall have a contact rating of 1.0 amps resistive or 200 mA inductive at 28 vDC. Leak detector
panel shall indicate the location and detector causing the alarmed state. The indicator shall be manual
reset type. A framed, non-fading half-size as-built location map in laminated plastic shall be provided for
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the cable leak detection system in double containment piping systems indicating the as installed system
configuration; sensing string layout shall be furnished. Marks in feet along the length of pipeline
interstitial cable shall be provided as references to locate leaks.

2.2.6 Pressure Instrumentation

Pressure taps shall incorporate appropriate snubbers. The controller shall be provided with a minimum of
three sets of dry contacts rated in accordance with NEMA ICS 1. The first set of contacts shall close
when the lower (warning) detection level has been exceeded. The second set of contacts shall close when
the upper (alarm) detection level has been exceeded. The third set of contacts shall close when a
controller malfunction has occurred, including loss of power or loss of sensor input. The alarm levels
shall be individually adjustable. The controller shall be provided with an audible warning horn that
sounds when the upper detection level has been exceeded, and a warning horn silence button. The
controller shall provide a 4-20 mA DC output signal to the programmable logic controller, proportional to
the measured parameter. The controller shall be provided with an internal battery to maintain operation
for a minimum of 12 hours if power is lost. Pressures shall be controlled to within plus or minus 5
percent of design pressures.

2.2.6.1 Pressure Sensor

The sensing element shall be either capsule, diaphragm, bellows, Bourdon tube, or solid state as
applicable for the installation. The pressure transducer shall withstand up to 300 percent of rated
pressure, with an accuracy of plus or minus 5 percent of full scale selected to put the design range of the
measured pressure in the middle third of the transducer's range. Pressure shall be measured in psig with a
range, plus or minus 10 percent of design range, and shall be furnished with display to the nearest 0.5 psi.

2.2.6.2 Pressure Switch

Sensors shall be diaphragm or Bourdon tube and shall be constructed of 316 stainless steel. Pressure
switch shall have a repetitive accuracy of plus or minus 5.0 percent of the operating range and shall
withstand up to 150 percent of rated pressure. Switch actuation set point shall be adjustable over the
operating pressure range with a differential adjustment span of 20 to 40 percent of the range of the switch.
The switch shall have Form C snap-action contacts rated in accordance with NEMA ICS 1.

2.2.6.3 Differential Pressure

The sensor/transmitter assembly accuracy shall be plus or minus 5 percent of full scale. The over
pressure rating shall be a minimum of 300 percent of the operating pressure. Transmitter shall be suitable
for installation with the low pressure connection removed.

2.2.6.4 Differential Pressure Switch

Each switch shall be an adjustable diaphragm, or bellows operated device, with taps for sensing lines for
connection of pressure fittings designed to sense fluid pressure. For measuring air, gas or vapor stream
differential pressure, these fittings shall be of the angled-tip type with tips pointing into the air stream.
The adjustable differential range shall be a maximum of 0.5 inches water at the low end to a minimum of
6.0 inches water at the high end. Two Form C contacts rated in accordance with NEMA ICS 1 shall be
provided.
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2.2.6.5 Pneumatic to Electric (PE) Switch

Each switch shall have an adjustable set point range of 3.0 to 20 psig and an adjustable differential from
2.0 to 6.0psi. Contacts shall be Form C rated in accordance with NEMA ICS 1.

2.2.7 Temperature Instrumentation

The controller shall be provided with a minimum of three sets of dry contacts rated in accordance with
NEMA ICS 1. The first set of contacts shall close when the lower (warning) detection level has been
exceeded. The second set of contacts shall close when the upper (alarm) detection level has been
exceeded. The third set of contacts shall close when a controller malfunction has occurred, including loss
of power or loss of sensor input. The alarm levels shall be individually adjustable. The controller shall
be provided with an audible warning horn that sounds when the upper detection level has been exceeded,
and a warning horn silence button. The controller shall provide a 4-20 mA DC output signal to the
programmable logic controller, proportional to the measured parameter. The controller shall be provided
with an internal battery to maintain operation for a minimum of 12 hours if power is lost.

2.2.7.1 Fluid Temperature Range

All devices shall be suitable for process temperatures, which define the exposure of the element, and are
described in the table on the drawings. Mercury shall not be used in thermometers.

a.  Type A shall be bimetal thermometer: Direct reading, hermetically sealed, suitable for
external adjustment. Accurate within 1 percent of full range. Stainless steel construction.
Complete with thermowell.

b. Type B shall be remote reading gas/vapor thermometer: Direct reading, stainless steel
case designed for panel mounting, complete with armor cable, bulb and ancillary
components for complete system. Movement-less design, resistant to shock and vibration
and free from error created by elevation. Provided with gas operated molecular sieve.
Accurate within 1 percent over full range.

2.2.7.2 Resistance Temperature Detector (RTD)

RTD shall be platinum, with an accuracy of plus or minus 1 percent at 32° F. RTD shall be encapsulated
in stainless steel Series 300.

2.2.7.3 Continuous Averaging RTD

Continuous averaging RTD shall have an accuracy of plus or minus 2° F at the reference temperature, and
shall be of sufficient length to ensure that the resistance represents an average over the cross-section in
which it is installed. The sensor shall have a bendable copper sheath.

2.2.7.4 Infrared Temperature Sensor

Infrared temperature sensor shall be encapsulated in series 300 stainless steel or anodized aluminum.
Sensor shall have an accuracy of plus or minus 1 percent of temperature measured.
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2.2.7.5 Temperature Switch

All devices shall be suitable for process temperatures, which define the exposure of the element, and as
described in the table shown on the drawings. Temperature switch shall have a repetitive accuracy of plus
or minus 1 percent of the operating ranges shown. Switch actuation shall be adjustable over the operating
temperature range. The switch shall have Form C snap action contacts, rated in accordance with NEMA
ICS 1.

2.2.7.6 Thermocouple

Thermocouple shall be factory assembled with Series 300 stainless steel sheathing. Wiring insulation
shall be magnesium oxide. Minimum insulation resistance wire to wire or wire to sheath shall be 1.5
megaohm at 500 V DC. Thermocouple shall be Type E, Type K or Type J. Thermocouple error shall not
exceed that specified in ISA MC96.1. All wire/cable from thermocouple to transmitter shall be of the
type necessary to match the thermocouple used. Transmitter selected shall match the type of
thermocouple provided. The transmitter shall include automatic cold junction reference compensation
with span and offset adjustments, and upscale open thermocouple detection.

2.2.7.7 Thermowell

Thermowell shall be monel, brass, or copper for use in water lines; wrought iron for measuring flue gases;
and austenitic stainless steel for other applications. Calibrated thermowells shall be provided with
threaded plug and chain, 2 inch lagging neck and inside diameter insertion neck as required for the
application. The thermowell shall include a connection box, sized to accommodate the temperature
sensing devise.

2.2.8 Process Analytical Instrumentation

Probes shall be easily removable without interrupting service. Sampling pumps shall be included where
necessary or applicable to the sensing device. For sensors integral to the electronic controller the sample
may be drawn directly into the sensor or may be drawn through a sample tube. For sensors remotely
located the sample may be drawn through a sample tube. Outdoor sample tubes shall be heat traced.
Sensor and controller construction shall be suitable for operation in the monitored medium. Systems
requiring automated zero and calibration gas or reagents shall be provided with 14 days supply of
calibration gas or reagent.

2.2.9 Electrical Instrumentation

Electrical power measurements with a range for the specific application, plus or minus 1.0 percent of
range (display and print to nearest kWh and kW).

2.2.9.1 Hour Meter

Hour meter shall provide a totalized readout of the number of hours of operation for the equipment
monitored. Meter shall provide readout with a minimum of 6 digits including 1 decimal place. The
display shall be non-resettable. The meter shall be driven by a 120 vAC synchronous motor.

2.2.9.2 Watt-Hour Meter

Watt-hour meters shall be in accordance with ANSI C12.1 and shall have pulse initiators for remote
monitoring of watt-hour consumption. Meter sockets shall be in accordance with ANSI C12.1. Pulse
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initiator shall consist of Form C contacts with a current rating not to exceed 2 amperes and voltage not to
exceed 500 V, with combinations of VA not to exceed 10 VA, and a life rating of one billion operations.

2.3 COMPRESSED AIR STATIONS
2.3.1 Air Compressor Assembly

The air compressor shall be a high-pressure compressing unit with electric motor. The compressor shall
be equipped with a motor with totally enclosed belt guard, an operating-pressure switch, safety relief
valves, gauges, intake filter and intake silencer and combination type magnetic starter with under voltage
protection and thermal overload protection for each phase, and shall be supported by a steel base mounted
on an air storage tank. The air compressor shall provide the compressed air required for control operation
while operating not more than one-third of the time. The tank shall be of sufficient volume so that no
more than six compressor starts per hour are required with the starting pressure switch differential set at
20 psig. The air storage tank shall be fabricated for a working pressure of not less than 200 psig and
constructed and certified in accordance with ASME BPVC SEC VIII D1. The tank shall be provided with
an automatic condensate drain trap with manual override feature.

2.3.2 Compressed Air Station Specialties
2.3.2.1 Refrigerated Dryer, Filters and Pressure Regulator

A refrigerated dryer shall be provided in the air outlet line of the air storage tank. The dryer shall be of
the size required for the full air requirement of the control system. The air shall be dried at a pressure of
not less than 70 psig to a temperature not greater than 35° F. The dryer shall be provided with an
automatic condensate drain trap with manual override feature. The refrigerant used in the dryer shall be
one of the fluorocarbon gases and have an ozone depletion potential of not more than 0.05. A 5 micron
prefilter and coalescing-type oil removal filter with shut-off valves shall be provided in the dryer
discharge. Each filter bowl shall be rated for 150 psig maximum working pressure. A pressure regulator
with high side and low side pressure gauges and a safety valve shall be provided downstream of the filter.
Pressure regulators of the relieving type shall not be used.

2.3.2.2 Coalescing Filter

A coalescing prefilter, together with an automatic drain valve, shall be provided for removal of liquids.
The flow through the prefilter shall be from inside to outside and reduce an entrained quantity of 50 ppmv
oil to 0.0013 ppmv effluent liquid oil and water and remove all particulates greater than 0.6 micron
absolute. The prefilter housing shall be fitted with a drain port to eliminate collected liquids and provide
sufficient sump volume to prevent liquid re-entrainment, and an automatic drain valve with adjustable
cycle and drain times. Prefilter pressure drop shall be less than 3 psi saturated. A particulate after filter,
outside to inside flow, designed to remove desiccant fines shall be provided. The after filter cartridge
shall have a particulate removal rating of 0.5 micron absolute. Both prefilter and after filter housings
shall allow for service of elements without removing the entire assembly from the system. Filter life shall
be stated and guaranteed by the vendor.
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2.3.2.3 Flexible Pipe Connections

The flexible pipe connectors shall be designed for 150 psig and 250° F service and shall be constructed of
rubber, polytetrafluoroethylene (PTFE) resin or braided corrosion-resistant steel, bronze, monel or
galvanized steel. The connectors shall be suitable for the service intended and may have threaded or
soldered ends. The length of the connectors shall be as recommended by the manufacturer for the service
intended.

2.3.2.4 Vibration Isolation Units

The vibration isolation units shall be standard products with published loading ratings and shall be single
rubber-in-shear, double rubber-in-shear or spring type.

2.3.2.5 Compressed Air Piping

Control air delivered to the system shall conform to ISA S7.0.01. Air lines for pneumatic controls shall
be seamless copper tubing or nonmetallic tubing. Nonmetallic tubing shall be compounded from
polyethylene. Air lines concealed in walls shall be hard-drawn copper tubing or nonmetallic tubing in
rigid conduit. Terminal single lines shall be hard-drawn copper tubing except when the run is less than 12
inches in length, flexible polyethylene may be used. Nonmetallic tubing will not be used for applications
where the tubing could be subjected to a temperature of 130° F. Fittings for nonmetallic tubing shall be
for instrument service and may be brass or acetyl resin of the compression or barbed push-on type.
Tubing shall be as follows:

a. Copper tubing shall conform to ASTM B 88M (ASTM B 88) and shall have sweat
fittings and valves. Exposed tubing shall be hard drawn in exposed areas and hard-
drawn or annealed in concealed areas. Only tool made bends shall be used. Fittings
for copper tubing shall be brass or copper solder joint type except at connections to
the apparatus, where fittings shall be brass compression type. Grooved mechanical
joints and fittings shall be designed for not less than 125 psig service and shall be the
product of the same manufacturer. Grooved fittings and mechanical coupling
housing shall be ductile conforming to ASTM A 536. Gaskets for use in grooved
joints shall be molded synthetic polymer of pressure responsive design and shall
conform to ASTM D 2000 for circulating medium up to 230° F. Grooved joints shall
conform to AWWA C606. Tubing shall be rack mounted where multiple tubes run in
parallel. Multiple tubes may be bundled when concealed.

b. Tubing shall be flame resistant, multiple polyethylene tubing in an extruded PVC
protective sheath, or unsheathed polyethylene tubing in rigid metal, intermediate
metal, or electrical metallic tubing conduit for areas where tubing is exposed. Tubing
shall have barbed fittings and valves, and shall conform to the following: Burst
pressure shall be 550 psig at 75° F to 175 psig at 150° F, minimum. Stress crack
resistance in accordance with ASTM D 1693 shall be 200 hours, minimum. Tensile
strength in accordance with ASTM D 638 shall be 2000 psi, minimum. Average
density in accordance with ASTM D 792 shall be 920 kg/m3. Average flow rate in
accordance with ASTM D 1238 shall be 0.30 decigram per minute.

c. Plastic tubing shall have the burning characteristics of linear low density polyethylene
tubing, shall be self extinguishing when tested in accordance with ASTM D 635,
shall have UL 94 V-2 flammability classification, and shall withstand stress cracking
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when tested in accordance with ASTM D 1693. Polyethylene tubing shall not be
used for smoke removal systems.

2.3.3 Barrier Jacket

Plastic tubing bundles shall be provided with mylar barrier and flame retardant polyethylene jacket.
Each tube shall be numbered.

2.4 PROGRAMMABLE LOGIC CONTROLLER (PLC)
2.4.1 PLC General Requirements

PLCs shall be micro-processor based, capable of receiving discrete and analog inputs and, through
programming, shall be able to control discrete and analog output functions, perform data handling
operations and communicate with external devices. PLCs shall meet the requirements of Class A
computing devices, and shall be labeled as set forth in 47 CFR 15 and shall be able to withstand
conducted susceptibility test as outlined in NEMA ICS 1, NEMA ICS 2, NEMA ICS 3, and or IEEE
C37.90.1. PLCs shall function properly at temperatures between 32 and 122° F at 5 to 95 percent
relative humidity non-condensing, and shall tolerate storage temperatures between minus 40 and plus
40 and plus 140° F at 5 to 95 percent relative humidity non-condensing.

2.4.2 Modular PLC

PLCs shall be based on a modular, field expandable design allowing the system to be tailored to the
process control application. The system shall be expandable through the use of additional hardware
and/or user software. As a minimum, the PLC shall include a mounting backplate, power supply
module, central processing unit (CPU) module, communications module, and input/output (1/0)
module. The modules shall be grouped together in a mounting rack or cabinet. The mounting rack
backplane shall provide the communications mechanism to fully integrate the individual modules
located within the rack. Modules shall plug directly into the backplane. The use of wire connectors
between modules will not be allowed. The rack size shall be as needed to hold the equipment necessary
while performing the required control functions. The system configuration shall allow for the removal
and/or installation of modules under power.

2.4.2.1 Central Processing Unit (CPU) Module

The CPU module shall be a self contained, microprocessor based unit that provides time of day,
scanning, application (ladder rung logic) program execution, storage of application programs, storage of
numerical values related to the application process and logic, 1/0 bus traffic control, peripheral and
external device communications and self diagnostics.

2.4.2.2 Communications Module

The communications module shall allow peer-to-peer communication with other PLCs and shall allow
the PLC to communicate with the central station, or workstation. The communication module shall
utilize the manufacturer's standard communication architecture and protocol, ethernet architecture and
protocol or a combination of these. The communication module shall allow programming of the PLC
to be done locally through the use of a laptop computer or from the central station or remote
workstation.
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2.4.2.3 Power Supply Module

One or more power supply modules shall be provided as necessary to power other modules installed in
the same cabinet. Power supply modules shall plug directly into the backplane. Auxiliary power
supplies may be used to supply power to remote cabinets or modules.

a. Power supply modules shall use AC power with a nominal voltage of 120 vAC plus
or minus 5 percent. The power supply module shall monitor the incoming line
voltage level and shall provide over current and over voltage protection. If the
voltage level is detected as being out of range the power supply module shall
continue to provide power for an adequate amount of time to allow for a safe and
orderly shutdown. Power supply modules shall be capable of withstanding a power
loss for a minimum of 20 milliseconds while still remaining in operation and
providing adequate power to all connected modules.

b. Each power supply module shall be provided with an on-off switch integral to the
module. If the manufacturer's standard power supply module is not provided with an
on-off switch, a miniature toggle type switch shall be installed near the PLC and shall
be clearly labeled as to its function.

c.  Power supply modules shall be provided with an indicating light which shall be lit
when the module is operating properly.

2.4.2.4 Input/Output (1/0) Modules

Modules shall be self contained, microprocessor based units that provide an interface to field devices.
The module shall be located in the same mounting rack as the other PLC components. The unit shall plug
directly into the backplane of the mounting rack. Each module shall contain visual indication to display
the on-off status of individual inputs or outputs.

2.4.3 LoopPLC

PLCs shall be single or multiple loop controllers depending on the control system requirements.
Controllers shall be self contained and shall include a central processing unit (CPU), program memory,
power supply, input/output capability, network communications capability and display/keyboard. The
controller shall have a scaleable process variable for each loop. Analog input signals shall be based on
the use of proportional, integral and derivative (PID) control logic. Analog outputs shall be configured as
direct acting or reverse acting. The controller shall have keyboard, display, auto/manual selection for
control of each loop output, remote setpoint, adjustment/local setpoint adjustment selection with
adjustable high-end and low-end limits, ratio and bias adjustment on remote setpoint input, operator-
initiated self-tune/manual-tune selection and anti-reset wind-up feature. Controller shall power analog
output loops to 20 mAdc when connected to a load of 600 ohms.

2.4.3.1 Central Processing Unit (CPU)
The central processing unit shall be microprocessor based and shall provide time of day, scanning,
application program (ladder rung logic) execution, storage of application programs, storage of numerical

values related to the applications process and logic, 1/0 bus traffic control, peripheral and external device
communications and self diagnostics.
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2.4.3.2 Power Requirements

Each controller shall be powered by 120 vAC. Power consumption shall not exceed 25 watts. Controller
shall provide electrical noise isolation between the AC power line and the process variable inputs, remote
setpoint inputs and output signals of not less than 100 dB at 60 Hertz common mode rejection ration and
not less than 60 dB at 60 hertz normal-mode rejection ration.

2.4.3.3 On-Off Switch

Each controller shall be provided with an integral on-off switch. If the controller is not provided with a
manufacturer’s standard on-off switch, a miniature toggle type switch shall be installed near the controller
and shall be clearly labeled as to its function.

2.4.3.4 Parameter Input and Display

Control parameters shall be entered and displayed directly, in the correct engineering units, through a
series of keystrokes on a front panel display with decimal point and polarity indication. Display shall be
in metric or English units as selected by the operator.

2.4.3.5 Self Tuning

Controllers shall be provided with self-tuning operation which shall apply to proportional, integral and
derivative modes of control and shall modify the mode constants as required. Self-tuning shall only be in
operation when selected from the front panel.

2.4.3.6 Manual Tuning

Controllers shall be provided with manual tuning operation which shall apply to proportional, integral and
derivative modes of control, by means of individually adjustable mode constants. These adjustments
shall be set for the appropriate value if a particular control mode action is required or to zero if that
particular mode is not desired. The proportional mode constant shall be adjustable from 0 to 200 percent
of the input signal range. The integral mode constant shall be adjustable from 0 to 20 repeats per minute.
The derivative mode constant shall be adjustable from 0 to 5 minutes.

2.4.4 Program Storage/Memory Requirements

The CPU shall utilize the manufacturer's standard non-volatile memory for the operating system. The
controller shall have electronically erasable, programmable, read only memory (EEPROM) for storage of
user programs and battery backed RAM for application memory. The EEPROM shall be loaded through
the controller keypad, central station or through the use of a laptop computer. The CPU memory capacity
shall be based on the system's control requirements. The memory capacity shall be sized such that, when
the system is completely programmed and functional, no more than 50 percent of the memory allocated
for these purposes is used.

2.4.5 Input/Output Characteristics

Each controller shall allow for analog input, analog output, discrete input and discrete output. The
number and type of inputs and outputs for the system shall be as shown on the drawings and shall comply
with the sequence of control. The system capacity shall include a minimum of 20 percent spare input and
output points (no less than two points) for each point type provided. During normal operation, a
malfunction in any input/output channel shall affect the operation of that channel only and shall not affect
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the operation of the CPU or any other channel. Analog input circuits shall be available in 4-20 mA.
Discrete input circuits shall be available in 79-132 vAC. All input circuits shall have a minimum optical
isolation of 1500 VRMS and shall be filtered to guard against high voltage transients from the externally
connected devices. Analog output circuits shall be available in 4-20 mA. Discrete output circuits shall be
available in 79-132 vAC. All output circuits shall have a minimum optical isolation of 1500 VRMS and
shall be filtered to guard against high voltage transients from the externally connected devices.

2.4.6 Wiring Connections

Wiring connections shall be heavy duty, self lifting, pressure type screw terminals to provide easy wire
insertion and secure connections. The terminals shall accept two #14 AWG wires. A hinged protective
cover shall be provided over the wiring connections. The cover shall have write-on areas for
identification of the external circuits.

2.4.7 On-Off Switch

Each controller shall be provided with an integral on-off power switch. If the controller is not provided
with a manufacturer's standard on-off switch, a miniature toggle type switch shall be installed in the
control panel near the controller and shall be clearly labeled as to its function.

2.4.8 Diagnostics

Each PLC shall have diagnostic routines implemented in firmware. The CPU shall continuously perform
self-diagnostic routines that will provide information on the configuration and status of the CPU,
memory, communications and input/output. The diagnostic routines shall be regularly performed during
normal system operation. A portion of the scan time of the controller shall be dedicated to performing
these housekeeping functions. In addition, a more extensive diagnostic routine shall be performed at
power up and during normal system shutdown. The CPU shall log input/output and system faults in fault
tables which shall be accessible for display. When a fault affects input/output or communications
modules the CPU shall shut down only the hardware affected and continue operation by utilizing the
healthy system components. Diagnostic software shall be useable in conjunction with the portable tester.

2.4.9 Accuracy

Controllers shall have an accuracy of plus or minus 0.25 percent of input span.

2.5 PLC SOFTWARE

All PLC software described in this specification shall be furnished as part of the complete control system.
2.5.1 Operating System

Each PLC shall be provided with the manufacturer's standard operating system software package. The
PLC shall maintain a point database in its memory that includes all parameters, constraints and the latest
value or status of all points connected to the PLC. Execution of the PLC application programs shall use
the data in memory resident files. The operating system shall support a full compliment of process
control functions. It shall be possible to define these functions using a mix of function blocks, ladder
logic diagrams, sequential function charts and text programming. Programming methods and interactions

shall be based on IEC 61131-3. A combination of the programming methods shall be possible within a
single controller. The operating system shall allow loading of software locally or from the central station

13405-22

G-72



and data files from the portable tester. It shall also support data entry and diagnostics using an operator
interface panel attached directly to the PLC. Each PLC shall be capable of operating in stand alone mode.

2.5.1.1 Startup

The PLC shall have startup software that causes automatic commencement of operation without human
intervention, including startup of all connected 1/O functions. A PLC restart program based on detection
of power failure at the PLC shall be included in the PLC software. The restart program shall include start
time delays between successive commands to prevent demand surges or overload trips.

2.5.1.2 Failure Mode
Upon failure for any reason, each PLC shall perform an orderly shutdown and force all PLC outputs to a

predetermined (failure mode) state, consistent with the failure modes shown and the associated control
device.

2.5.2 Functions
The controller operating system shall be able to scan inputs, control outputs, and read and write to its

internal memory in order to perform the required control as indicated in the sequence of control on the
drawings. The controller shall periodically perform self diagnostics to verify that it is functioning

properly.

2.5.2.1 Analog Monitoring

The system shall measure and transmit all analog values including calculated analog points.

2.5.2.2 Logic (Virtual)

Logic (virtual) points shall be software points entered in the point database which are not directly
associated with a physical 1/0 function. Logic (virtual) points shall be analog or digital points created by
calculation from any combination of digital and analog points, or other data having all the properties of
real points, including alarms, without the associated hardware. Logic (virtual) points shall be defined or
calculated and entered into the database by the Subcontractor. The calculated analog point shall have
point identification in the same format as any other analog point.

2.5.2.3 State Variables

If an analog point represents more than two (up to 8) specific states, each state shall be nameable. For
example, a level sensor shall be displayed at its measured engineering units plus a state variable with
named states usable in programs or for display such as low alarm/low/normal/high/high alarm.

2.5.2.4 Analog Totalization

Any analog point shall be operator assignable to the totalization program. Up to eight analog values shall
be totalized within a selectable time period.
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2.5.25 Trending

Any analog or calculated point shall be operator assignable to the trend program. Up to eight points shall
be sampled at individually assigned intervals, selectable between 1 minute and 2 hours. A minimum of
the most recent 128 samples of each trended point shall be stored. The sample intervals shall be able to
be defined, modified, or deleted online.

2.5.3 Alarm Processing

Each PLC shall have alarm processing software for Al, DI, and PA alarms for all real and virtual points
connected to that PLC.

2.5.3.1 Digital Alarms

Digital alarms are those abnormal conditions indicated by Dls as specified and shown. The system shall
automatically suppress analog alarm reporting associated with a digital point when that point is turned off.

2.5.3.2 Analog Alarms

Analog alarms are those conditions higher or lower than a defined value, as measured by an Al. Analog
readings shall be compared to predefined high and low limits, and alarmed each time a value enters or
returns from a limit condition. Unique high and low limits shall be assigned to each analog point in the
system. In control point adjustment (CPA) applications, key the limit to a finite deviation traveling with
the setpoint. The system shall automatically suppress analog alarm reporting associated with an analog
point when that analog point is turned off.

2.5.3.3 Pulse Accumulator (PA) Alarms

Pulse accumulator alarms are those conditions calculated from totalized values of accumulator inputs or
PA input rates that are outside defined limits as specified and shown. PA totalized values shall be
compared to predefined limits and alarmed each time a value enters a limit condition. Unique limits shall
be assigned to each PA point in the system.

2.5.4 Constraints

2.5.4.1 Equipment Constraints Definitions

Each control point in the database shall have PLC resident constraints defined and entered by the
Subcontractor, including as applicable: maximum starts (cycles) per hour; minimum off time; minimum
on time; high limit (value in engineering units); and low limit (value in engineering units).

2.5.4.2 Constraints Checks

All control devices connected to the system shall have the PLC constraints checked and passed before
each command is issued. Each command point shall have unique constraints assigned. High and low

"reasonableness” values or one differential "rate-of-change” value shall be assigned to each Al. Each
individual point shall be capable of being selectively disabled by the operator from the central station.
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2.5.5 Control Sequences and Control Loops

Specific functions to be implemented are defined in individual system control sequences and database
tables shown on the drawings, and shall include, as applicable, the following functions: PI control shall
provide proportional control and proportional plus integral control; two position control shall provide
control for a two state device by comparing a set point against a process variable and an established dead
band; floating point control shall exercise control when an error signal exceeds a selected dead band, and
shall maintain control until the error is within the dead band limits; signal selection shall allow the
selection of the highest or lowest analog value from a group of analog values as the basis of control and
shall include the ability to cascade analog values so that large numbers of inputs can be reduced to one or
two outputs; signal averaging shall allow the mathematical calculation of the average analog value from a
group of analog values as the basis of control and shall include the ability to "weight" the individual
analog values so that the function output can be biased as necessary to achieve proper control; reset
function shall develop an AO based on up to two Als and one operator specified reset schedule.

2.5.6 Command Priorities

A scheme of priority levels shall be provided to prevent interaction of a command of low priority with a
command of higher priority. Override commands entered by the operator shall have higher priority than
those emanating from applications programs.

2.5.7 Resident Application Software

The Subcontractor shall provide resident applications programs developed in accordance with paragraph
Graphical Object Oriented Programming to achieve the sequences of operation, parameters, constraints,
and interlocks necessary to provide control of the process systems connected to the control system. All
application programs shall be resident in the PLC and shall execute in the PLC, and shall coordinate with
each other, to insure that no conflicts or contentions remain unresolved.

2.5.7.1 Program Inputs and Outputs

The Subcontractor shall use program inputs listed for each application program to calculate the required
program outputs. Where specific program inputs are not available, a "default" value or virtual point
appropriate for the equipment being controlled and the proposed sequence of operation shall be provided
to replace the missing input, thus allowing the application program to operate.

2.5.7.2 Failure Mode

In the event of a PLC failure, the controlled equipment shall continue to function in the failure mode
shown on the drawings.

2.6 CONTROL PANELS

2.6.1 Components

2.6.1.1 Enclosures

The enclosure for each control panel shall conform to the requirements of NEMA 250 for the types
specified. Finish color shall be the manufacturer's standard, unless otherwise indicated. Damaged

surfaces shall be repaired and refinished using original type finish. Enclosures shall be as specified or
shown. Enclosures for equipment installed outdoors shall be Type 4 or as shown. Enclosures for
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installation in a corrosive environment shall be Type 4X and shall be constructed of stainless steel,
fiberglass or polymer plastic. Painted steel shall not be allowed for use in a corrosive environment.
Enclosure shall be provided with a single, continuously hinged exterior door with print pocket, 3-point
latching mechanism and key lock and a single, continuously hinged interior door.

2.6.1.2 Controllers
Controllers shall be in accordance with paragraph Programmable Logic Controller (PLC).
2.6.1.3 Standard Indicator Light

Indicator lights shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508. Lights shall be heavy duty,
round and shall mount in a 0.875 inch mounting hole. Indicator lights shall be LED type and shall
operate at 120 VAC or 24 vDC. Long life bulbs shall be used. Indicator light shall be provided with a
legend plate labeled as shown on the drawings. Lens color shall be as indicated on the drawings. Lights
shall be push to test (lamp) type.

2.6.1.4 Selector Switches

Selector switches shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508. Selector switches shall be
heavy duty, round and shall mount in a 0.875 inch mounting hole. The number of positions shall be as
indicated on the drawings. Switches shall be as indicted of the drawings. Switches shall be rated for 600
volts, 10 amperes continuous. Selector switches shall be provided with a legend plate labeled as shown
on the drawings. Where indicated or required, dual auxiliary contacts shall be provided for the automatic
position to provide position sensing at the central station or workstation. Auxiliary contacts shall be rated
for 120 vVAC, 1A as a minimum. Where indicated on the drawings, switches shall be key operated. All
keys shall be identical.

2.6.1.5 Push Buttons

Push buttons shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508. Push buttons shall be heavy
duty, round and shall mount in a 0.875 inch mounting hole. The number and type of contacts shall be as
indicated on the drawings or required by the Sequence of Control. Push buttons shall be rated for 600
volts, 10 amperes continuous. Push buttons shall be provided with a legend plate labeled as shown on the
drawings.

2.6.1.6 Relays

Relays shall comply with IEEE C37.90.1 and derated for altitude above 1,500 m. Relays shall be as
required by the Sequence of Control. Relay coil shall be 20 vAC or 24 vDC and shall be provided with
matching mounting socket. Power consumption shall not be greater than 3 watts.

2.6.1.7 Terminal Blocks

Terminal blocks shall comply with NEMA ICS 4 and UL 1059. Terminal blocks for conductors exiting
control panels shall be two-way type with double terminals, one for internal wiring connections and the
other for external wiring connections. Terminal blocks shall be made of bakelite or other suitable
insulating material with full deep barriers between each pair of terminals. A terminal identification strip
shall form part of the terminal block and each terminal shall be identified by a number in accordance with
the numbering scheme on the approved wiring diagrams.
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2.6.1.8 Autodialer

Autodialer shall be a self contained, programmable device capable of automatic operation. The unit shall
automatically dial preprogrammed number(s) to report alarm(s) or other specified conditions. The
autodialer shall automatically redial upon receipt of a busy signal. The number of redials shall be an
operator definable parameter. The unit shall be capable of dialing a minimum of three phone numbers.
The unit shall communicate over voice grade phone lines.

2.6.1.11 Alarm Horns

Alarm horns shall be provided where indicated on the drawings. Horns shall be vibrating type and shall
comply with UL 508. Horns shall provide 100 dB at 10 feet. Exterior mounted horns shall be weather
proof by design or shall be mounted in a weather proof enclosure that does not reduce the effectiveness of
the horn.

2.6.2 Panel Assembly

Control panels shall be factory assembled and shipped to the jobsite as a single unit. Panels shall be
fabricated as indicated and devices shall be mounted as shown or required.

2.6.3 Electrical Requirements

Each panel shall be powered by a dedicated 120 volts AC circuit, with a fuse, sized as recommended by
the equipment manufacturer, and a disconnect switch located inside the panel. Wiring shall terminate
inside the panel on terminal blocks. Electrical work shall be as specified in and as shown on the
drawings.

2.6.4 Power Line Conditioner

Each control panel shall be provided with a power line conditioner to provide both voltage regulation and
noise rejection. The power line conditioner shall be of the ferro-resonant design, with no moving parts
and no tap switching, while electrically isolating the secondary from the power line side. The power line
conditioner shall be sized for 125 percent of the actual connected kva load. Characteristics of the power
line conditioner shall be as follows:

2.6.4.1 85 Percent Load

At 85 percent load, the output voltage shall not deviate by more than plus or minus 1 percent of nominal
voltage when the input voltage fluctuates between minus 20 percent to plus 10 percent of nominal
voltage.

2.6.4.2 Load Changes

During load changes of zero to full load, the output voltage shall not deviate by more than plus or minus 3
percent of nominal voltage. Full correction of load switching disturbances shall be accomplished within 5
cycles, and 95 percent correction shall be accomplished within 2 cycles of the onset of the disturbance.

2.6.5 Grounding

Control panel enclosures shall be equipped with a solid copper ground bus or equivalent. The ground bus
shall be securely anchored to the enclosure so as to effectively ground the entire structure. Clamp-type
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terminals sized large enough to carry the maximum expected current shall be provided on the ground bus
for grounding cables. Where a definite circuit ground is required, a single wire not less than #10 AWG
shall run independently to the panel ground bus and shall be fastened to the ground bus with a bolted
terminal lug. Cases of instruments, relays and other devices shall be effectively grounded through the
enclosures steel structure unless otherwise indicated. Insulated wiring having a continuous rated current
of not less than the circuit fuse rating shall be used for grounding. Grounding terminals of power
receptacles shall be solidly grounded to the panel enclosure.

2.6.6 Convenience Outlet

A 120 vAC, 20 amp, ground fault interruption (GFI) type duplex convenience outlet shall be provided
inside the panel. The outlet circuit shall be separate from the panel power circuit.

2.6.7 Panel Interior Light

Where indicated control panels shall be provided with a light. The light shall be operated by a manual on-
off switch mounted on the interior door of the enclosure. The light shall be powered by the same circuit
as the convenience outlet.

2.6.8 Ventilation System

Where indicated control panels shall be provided with two single phase, 120 vAC ventilation fans. Each
fan shall supply a minimum of 100 cfm of ventilation air through the enclosure. Each fan shall be
provided with a line voltage thermostat. Thermostat setpoints shall be adjustable in a range of 70 to 140°
F as a minimum. Each supply and exhaust grille shall contain a filter that is easily removed for cleaning
or replacement.

2.7 CENTRAL STATION AND OPERATORS WORKSTATION EQUIPMENT

This section not used.

2.8 CENTRAL STATION SOFTWARE

This section not used.

2.9 DATA COMMUNICATION REQUIREMENTS

Control system data communications shall support the specified functions and control system
configuration shown on the drawings.

2.9.1 Central Station/Workstation

Each workstation shall be able to communicate with the central station as a virtual terminal. The
workstation shall be able to initiate uploads or downloads of programs and resident data, including
parameters of connected systems PLCs and devices, constraints and programs in the central station.

2.9.2 Central Station/PLC

The central station shall be able to initiate an upload or download of PLC data programs.
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2.9.3 Modem Communication

Communication with other computer systems shall be accomplished using a modem and dialup circuit.
The central station or workstation shall be able to initiate upload or download of data files; however,
answering incoming calls shall not be possible for system security reasons.

2.9.4 Error Detection and Retransmission

Asynchronous transmission system shall use cyclic code error detection methods. The predicted
undetected error rate shall not exceed 1 bit in 1 billion. A message shall be in error if one bit is received
incorrectly. The system shall retransmit messages with detected errors. Where a LAN is not utilized for
data transmission, a 2-digit decimal number shall be operator assignable to each communication link
representing the number of retransmission attempts. When the number of consecutive retransmission
attempts equals the assigned quantity, the central station shall close down transmission to that particular
device, and print an alarm message. The operator shall manually reopen any communications line after
automatic closedown, subject to the same error checking and automatic closedown procedures in effect
before the first automatic closedown. The system shall monitor the frequency of data transmission errors
for display and logging.

PART 3 EXECUTION
3.1 EQUIPMENT INSTALLATION REQUIREMENTS
3.1.1 Installation

The Subcontractor shall install system components and appurtenances in accordance with the
manufacturer's instructions and shall provide necessary interconnections, services, and adjustments
required for a complete and operable system. Instrumentation and communication equipment and cable
grounding shall be installed as necessary to preclude ground loops, noise, and surges from adversely
affecting system operation. The Subcontractor shall adjust or replace devices not conforming to the
required accuracies. Factory sealed devices shall be replaced (rather than adjusted). Wiring in exposed
areas, including low voltage wiring, shall be installed in metallic raceways or EMT conduit as specified.
Wiring in air plenum areas installed without conduit shall be plenum-rated per NFPA 70.

3.1.1.1 Isolation, Penetrations of Buildings and Clearance from Equipment

Dielectric isolation shall be provided where dissimilar metals are used for connection and support.
Penetrations through and mounting holes in the building exteriors shall be made watertight. Holes in
concrete, brick, steel and wood walls shall be drilled or core drilled with proper equipment; conduits
installed through openings shall be sealed with materials which are compatible with existing materials.
Openings shall be sealed with materials which meet the requirements of NFPA 70. Installation shall
provide clearance for control-system maintenance. Control system installation shall not interfere with the
clearance requirements for mechanical and electrical system maintenance.

3.1.1.2 Device Mounting

Devices shall be installed in accordance with manufacturers' recommendations and as shown. Control
devices to be installed in piping shall be provided with required gaskets, flanges, thermal compounds,
insulation, piping, fittings, and manual valves for shutoff, equalization, purging, and calibration. Any
deviations shall be documented by the Subcontractor and submitted to the Government for approval prior
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to mounting. Damaged insulation shall be replaced or repaired after devices are installed to match existing
work. Damaged galvanized surfaces shall be repaired by touching up with zinc paint.

3.1.1.3 Pneumatic Tubing

Tubing shall be concealed in finished areas. Tubing may be run exposed in unfinished areas, such as
mechanical equipment rooms. For tubing to be enclosed in concrete, rigid metal or intermediate metal
conduit shall be provided. Tubing shall be installed parallel or perpendicular to building walls
throughout. Maximum spacing between tubing supports shall be 5 feet. Each tubing system shall be
tested pneumatically at 1.5 times the working pressure for 24 hours, with a maximum pressure drop of 1.0
psig with compressed air supply turned off. Joint leaks shall be corrected by remaking the joint.
Caulking of joints will not be permitted. Tubing and two insulated copper phone wires for installation
checkout may be run in the same conduit. Tubing and electrical power conductors shall not be run in the
same conduit; however, control circuit conductors may be run in the same conduit as polyethylene tubing.

3.1.1.4 Grooved Mechanical Joints

Grooves shall be prepared according to the coupling manufacturer's instructions. Grooved fittings,
couplings, and grooving tools shall be the products of the same manufacturer. Pipe and groove
dimensions shall comply with the tolerances specified by the coupling manufacturer. The diameter of
grooves made in the field shall be measured using a ""go/no-go™ gauge, vernier or dial caliper, narrow-land
micrometer, or other method specifically approved by the coupling manufacturer for the intended
application. Groove width and dimension of groove from end of pipe shall be measured and recorded.

3.1.2 Sequences of Operation

The subcontractor shall study the operation and sequence of local equipment controls, as a part of the
conditions report, and note any deviations from the described sequences of operation on the contract
drawings. The subcontractor shall make necessary adjustments to make the equipment operate in an
optimum manner and shall fully document changes made.

3.2 INSTALLATION OF EQUIPMENT

The subcontractor shall install equipment as specified, as shown and as required in the manufacturer's
instructions for a complete and fully operational control system.

3.2.1 Control Panels

Control panels shall be located as indicated on the drawings. Devices located in the control panels shall
be as shown on the drawings or as needed to provide the indicated control sequences.

3.2.2 Flow Measuring Device

Fluid flow instruments shall be installed in accordance with ASME FED, unless otherwise indicated in
the specification. The minimum straight unobstructed piping for the flowmeter installation shall be 10.0
pipe diameters upstream and 5.0 pipe diameters downstream. Meters for gases and vapors shall be

installed in vertical piping, and meters for liquids shall be installed in horizontal piping, unless otherwise
recommended by the manufacturer or indicated in the specifications.
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3.2.2.1 Flow Nozzle

Flow nozzles flanges shall be installed so that the pressure taps are in a horizontal plane with the
centerline of the pipe. Flow nozzles shall be installed for ease of accessibility for periodic maintenance.
Differential pressure sensors shall be installed as close to the flow nozzle as possible.

3.2.2.2 Flow Switch

Flow switches shall be installed in such a manner as to minimize disturbance of the flow of fluid while
maintaining reliable operation of the switch.

3.2.2.3 Magnetic Flowmeter

Meter shall be installed in vertical piping so that the flow tube remains full of the process fluid under all
operating conditions. A minimum of five pipe diameters straight run upstream of the flowmeter and two
pipe diameters straight run downstream of the flowmeter shall be provided.

3.2.2.4 Natural Gas or Propane Flowmeter

Meters shall be installed in accordance with ASME B31.8. Permanent gas meters shall be installed with
provisions for isolation and removal for calibration an